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SINCE  rr  WAS  FIRST  postulated  that  the  adrenal  cortex  acts  on  phosphorylation 
processes  involving  both  carbohydrate  and  fat  (1-3),  numerous  attempts  have 
been  made  to  obtain  evidence  for  or  against  this  view.  So  far  as  fat  is  concerned, 
some  of  the  evidence  has  centered  around  the  question  of  whether  its  absorption  is 
influenced  by  excision  of  the  adrenal  glands  (4-6).  Although  there  can  be  no  doubt 
that  fat  is  phosphorylated  in  the  intestinal  mucosa  (7-12),  the  evidence  available  at 
present  does  not  permit  the  conclusion  that  the  only  way  that  fat  can  cross  the  intes' 
tinal  wall  is  via  phosphorylation,  or  that  faulty  absorption  of  fat  in  the  adrenalec' 
tomized  animal  must  therefore  represent  an  interference  in  the  process  of  phosphory- 
lation. 

Barnes  et  al.  (5, 13)  found  no  interference  in  the  rates  of  incorporation  of  adminis' 
tered  conjugated  fatty  acids  into  the  phospholipid  molecule  after  adrenalectomy. 
They  employed  the  term  ‘phosphorylation’  to  describe  this  process  (5, 13). 

The  lecithin  molecule  may  be  regarded  as  formed  from  five  primary  components, 
two  fatty  acids,  glycerol,  choline  and  phosphoric  acid,  joined  by  two  general  types 
of  bond,  a),  a  fatty  acid'glycerol  ester  bond  and  b),  a  phosphate-alcohol  ester  bond.  If 
the  molecule  is  assembled  in  such  a  way  that  the  formation  of  a  given  bond  always 
precedes  that  of  another,  then  the  observed  rate  at  which  any  component  is  incor¬ 
porated  into  a  phospholipid  moledule  will  be  equal  to  the  rate  at  which  the  other 
components  enter  the  molecule.  If  the  molecule  is  not  assembled  in  the  same  order 
each  time,  then  it  is  improbable  that  the  rates  for  the  incorporation  of  the  phosphate, 
the  fatty  acids  and  the  nitrogen  base  into  the  phospholipid  molecule  will  be  the  same. 
In  this  case  it  would  be  expected  that  the  rate  of  turnover  of  phosopholipid,  as  meas¬ 
ured  by  its  phosphate  component,  would  differ  from  that  measured  by  its  fatty  acids 
or  by  its  nitrogen  base.  Hence,  until  it  has  been  shown  that  the  rate  of  entrance  of 
a  given  component  into  the  lecithin  molecule  is  the  same  as  the  rate  of  entrance  of 
its  other  components,  the  formation  of  each  bond  should  be  considered  an  independent 
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reaction.  The  term  ‘phospholipid  formation’  when  used  here  in  connection  with  the 
incorporation  of  a  labeling  agent  will  refer  to  the  formation  of  a  particular  bond  or 
bonds;  accordingly,  the  term  ‘phosphorylation’  as  applied  to  phospholipid  will  refer 
only  to  the  formation  of  its  two  phosphate  bonds. 

In  view  of  the  interest  that  is  now  attached  to  the  question  of  phosphorylation, 
it  has  seemed  desirable  to  provide  direct  evidence  as  to  whether  phosphorylation  of 
fat  can  occur  in  the  absence  of  the  adrenal  cortex.  It  is  apparent  from  the  above  con' 
siderations  that  such  a  study  must  involve  the  entrance  of  phosphorus  into  the 


Table  i.  Adrenalectomced  rats  maditained  por  5  days  on  diet  a  and  tap  water 
(All  rats  were  fed  diet  A  and  received  tap  water  for  drinking  purposes) 


Food  Intake, 
gm.  per  day 

Water  Intake, 
cc.  per  day 

Liver 

Radiophospholipid 

Per  cent  of  P“  re- 
covered  as 
phospholipid* 

Wet 

weight 

Fatty 

acids 

Days  after  adrenalectomy 

Whole 

liver 

Whole 

small 

intestine 

1 

2 

3 

4 

5* 

X 

2 

3 

4 

5‘ 

gm. 

gm. 

% 

6 

ij 

12 

13 

10 

2 

21 

22 

^4 

19 

4 

212 

8.10 

— 

319 

o.8y 

7 

13 

13 

9 

0 

3 

20 

20 

20 

21 

1 

225 

7-73 

3-50 

3-47 

0.50 

8 

Sham 

13 

12 

11 

12 

3 

18 

18 

17 

18 

1 

210 

7-73 

3.16 

3-57 

0.79 

9 

12 

12 

12 

11 

2 

22 

20 

21 

20 

2 

198 

8-53 

3.10 

3-51 

0.63 

10 

14 

13 

12 

13 

3 

»4 

H 

15 

26 

8 

195 

8.80 

3-15 

3-94 

0.65 

1 

6 

7 

1 

2 

1 

19 

19 

14 

17 

4 

186 

6.63 

3.18 

3.84 

0.62 

2 

Adrenal' 

7 

6 

4 

3 

1 

19 

19 

21 

11 

4 

184 

Vo8 

3.48 

3-71 

0.72 

3 

ectomy 

8 

8 

1 

1 

0 

19 

19 

11 

12 

3 

188 

5-78 

a.85 

4-50 

0.64 

4 

4 

3 

0 

0 

0 

13 

12 

7 

4 

2 

190 

5.98 

390 

4-33 

0.82 

5 

8 

7 

2 

2 

0 

19 

IQ 

10 

9 

2 

195 

5.66 

3-47 

3-70 

o.yo 

*  Food  and  water  available  for  only  7  hours  of  the  yth  day. 

*  Tissues  were  removed  7  hours  after  the  subcutaneous  injection  of  labeled  phosphorus.  On  the  5th 
day  after  adrenalectomy,  each  rat  received  1  cc.  of  an  isotonic  solution  of  labeled  NajIlPOi  containing 
0.6  mg.  of  phosphorus. 


phospholipid  molecule.  In  the  present  investigation  this  has  been  done  with  radioac' 
tive  phosphorus  as  labelUng  agent. 

EXPERIMENTAL  PROCEDURE 

Male  rats,  10  to  12  weeks  of  age  and  weighing  on  the  average  of  200  gm.,  were 
adrenalectomized.  The  control  rats  were  subjected  to  a  sham  operation  in  which  the 
adrenals  were  manipulated  but  not  removed.  Following  the  operation,  the  rats  were 
kept  in  a  constant'temperature  room  maintained  at  27.5°  C.  Three  groups  of  adrena' 
lectomized  and  control  rats  were  studied,  these  differing  with  respect  to  their  NaCl 
intake.  Three  levels  of  NaCl  were  administered  as  follows:  a)  diet  A  plus  tap  water 
for  drinking  purposes;  b)  diet  B  plus  tap  water;  c),  diet  B  plus  i  per  cent  NaCl  solu' 
tion  for  drinking  purposes. 

Diet  A  consisted  of  a  mixture  of 


Whole  Wheat 

68.2  parts 

Casein 

15.1  parts 

Whole  powdered  milk 

lO.i  parts 

Calcium  carbonate 

1.5  parts 

Butter  (salted) 

5.1  parts 

100.0  parts 
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This  diet  contained  0.75  per  cent  NaCl.  Diet  B  consisted  of  diet  A  to  which  i.o  gm. 
of  NaCl  had  been  added  to  every  100  gm.  Diet  B  thus  contained  1.75  per  cent  NaCl. 

Radioactive  phosphate  was  administered  ina  i  cc.  dose  as  indicated  in  the  accom¬ 
panying  tables.  The  amount  of  total  phosphorus  (as  Na2HP04)  injected  was  kept  at  a 
low  level  in  order  to  minimize  tolerance  difference.  Seven  hours  after  the  phosphorus 
administration  the  rats  were  anaesthetized  with  nembutal.  The  livers  were  then 
quickly  removed  and  placed  in  tared  flasks  containing  95  per  cent  ethyl  alcohol.  The 
intestines  were  cut  at  the  cardiac  sphincter,  freed  of  omental  fat,  and  cut  again  at  the 
caecum.  The  lumen  of  the  small  intestine  was  then  washed  with  isotonic  saline,  excess 


Table  2.  Adrenalectomized  rate  maintained  for  to  days 


Rat 

No. 

Type  of 
Operation 

For 

Drink¬ 

ing 

Food  Intake' 
gm.  per  Day 

Fluid  Intake, 
cc.  per  Day 

Final 

Body 

Weight 

Liver 

Radiophoe- 

pholipid 

Per  cent  of 
the  P®  re¬ 
covered  as 
phospho¬ 
lipid* 

Days  after  adrenalectomy 

1-3 

4-5 

&-7 

J-IO 

1-3 

4-5 

6-7 

J-IO 

Whole  liver 

gm. 

gm. 

% 

1 

43 

31 

30 

29 

90 

38 

41 

62 

214 

5-15 

5.76 

3-90 

2 

45 

08 

31 

35 

72 

38 

44 

68 

200 

5.29 

4.80 

3.68 

3 

09 

14 

13 

14 

72 

48 

53 

81 

200 

5.84 

4-30 

3.10 

4 

Sham 

Tap 

36 

22 

22 

15 

80 

42 

44 

59 

246 

563 

4.60 

2.68 

5 

water 

10 

15 

15 

15 

67 

41 

46 

62 

186 

3-00 

5.70 

2.00 

6 

31 

22 

22 

28 

88 

39 

40 

68 

2J0 

5-58 

4.10 

3-05 

7 

50 

35 

28 

39 

80 

41 

44 

55 

250 

7.00 

4.10 

2.50 

15 

45 

14 

20 

30 

68 

34 

40 

62 

206 

5.05 

4-5 

3-37 

X7 

'5 

7 

7 

7 

70 

34 

30 

44 

171 

5.60 

1.90 

4.26 

18 

Adrenal' 

1% 

15 

20 

15 

18 

85 

36 

38 

46 

213 

6.70 

1-44 

2.18 

19 

ectomy 

NaCl 

22 

16 

8 

21 

97 

44 

42 

50 

188 

4.90 

2.71 

2.74 

20 

14 

10 

11 

14 

68 

18 

42 

62 

197 

4.90 

3-40 

1.30 

*  21 

13 

12 

17 

16 

98 

38 

40 

53 

184 

4.50 

4.10 

2.69 

22 

41 

26 

27 

31 

92 

56 

58 

104 

190 

6.50 

2.69 

2.36 

»3 

26 

15 

20 

19 

85 

31 

46 

82 

166 

4-37 

4-17 

3-55 

Adrenal' 

Tap 

37 

19 

22 

22 

87 

42 

54 

70 

152 

3-65 

10.6 

3-70 

26 

ectomy 

water 

13 

9 

3 

2 

lOJ 

45 

28 

70 

184 

6.40 

3-14 

17 

6 

13 

26 

29 

84 

56 

58 

80 

204 

6.80 

2.56 

1-44 

08 

3 

26 

22 

27 

110 

58 

74 

126 

196 

6.00 

3-i6 

1.66 

09 

36 

13 

26 

26 

140 

66 

81 

106 

244 

6.02 

3-75 

3-03 

*  Diet  B  was  fed  to  all  rats.  This  diet  contained  1.75%  NaCl. 

*  Tissues  were  removed  7  hours  after  administration  of  labeled  phosphorus.  Each  rat  received  by 
stomach  tube  i  cc.  of  labeled  NajHP04  containing  0.6  mg.  of  phosphorus. 


saline  removed  by  blotting,  and  the  entire  tissue  weighed  and  placed  in  95  per  cent 
alcohol.  The  methods  for  determination  of  radioactive  phospholipids  have  been  pre¬ 
viously  recorded  (9). 

,  RESULTS 

Five  days  after  adrenalectomy.  The  content  of  radiophospholipid  was  measured 
in  all  animals  at  a  single  interval  after  the  injection  of  P®*,  namely  7  hours.  The  adrena¬ 
lectomized  rats,  data  for  which  are  recorded  in  table  i  were  maintained  on  the  lowest 
sodium-intake  employed  in  this  study,  i.e.,  diet  A  plus  tap  water  for  drinking  pur¬ 
poses.  Under  such  treatment  rats  survive,  as  a  rule,  from  5  to  8  days.  The  adrenalec- 
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tomized  rats  (table  i)  were  in  a  state  of  acute  adrenal  insufficiency  at  the  time  they 
were  killed  for  examination  of  the  content  of  radiophospholipid  in  their  tissues. 

No  interference  in  the  rate  at  which  inorganic  P“  is  incorporated  into  phospho' 
lipid  was  observed  in  the  liver  and  small  intestine  of  rats  maintained  on  the  lower 
s^iumdntake  for  5  days  after  adrenalectomy.  Thus,  3.7  to  4.5  per  cent  of  the  admin^ 
istered  labeled  phosphorus  was  incorporated  into  the  livers  of  the  5  adrenalectomized 


Table  3.  Adrenalectomized  rats  maintained  for  %o  days 


Rat 

No. 

Type  of 
Operation 

For 

Drinking 

Food  Intake* 
gm.  per  Day 

Fluid  Intake, 
cc.  per  Day 

Final 

Body 

Weight 

Liver 

Radiophos- 

phohpid 

Per  cent  of  P“ 
recovered  in 
phosphohpid 
of  the  whole 
Ever* 

Wet 

weight 

Fatty 

acids 

16-17 

18 

19-SO 

16-17 

18 

19-10 

gm. 

gm. 

% 

15 

KrCS 

9.19 

1.91 

0.80 

x6 

6.93 

3-19 

1.14 

17 

6.16 

3-59 

1.77 

18 

Sham 

1%  NaCl 

6.98 

3.61 

3-37 

19 

8.51 

3.81 

3-03 

10 

9.60 

3-13 

1.83 

11 

8.69 

4-4* 

3.86 

8 

34 

*3 

3a 

50 

no 

036 

7-95 

3-90 

1.77 

9 

a4 

11 

14 

15 

64 

III 

7.60 

3-47 

3.11 

10 

Adrenal' 

1%  NaCl 

16 

10 

11 

50 

110 

100 

6.50 

3-43 

1.11 

II 

ectomy 

104 

6.89 

3.38 

3.16 

11 

016 

6.95 

3.00 

0.85 

13 

010 

6.60 

3.36 

1-54 

I 

30 

8 

34 

80 

50 

78 

060 

9-13 

3.65 

1.99 

1 

Adrenal' 

Tap  water 

30 

09 

18 

56 

00 

61 

1*3 

8.04 

3.01 

3-46 

3 

ectomy 

16 

25 

11 

60 

15 

41 

105 

7-54 

3-37 

3-04 

4 

08 

07 

30 

58 

15 

61 

036 

7-57 

3.78 

1-43 

>  All  rats  fed  diet  B. 

*  Tissues  were  removed  7  hours  after  subcutaneous  injection  of  radiophosphorus.  Each  rat  was  in' 
jected  subcutaneously  with  1  cc.  of  labeled  isotonic  Na2Hrc)4  containing  0.6  mg.  of  phosphorus. 


rats  as  shown  in  table  i.  In  control  rats,  i.e.,  those  subjected  to  manipulation  but  not 
removal  of  their  adrenal  glands,  by  sham  operations,  the  corresponding  values  were 

3.2  to  3.9  per  cent. 

Ten  days  after  adrenalectomy.  All  rats,  data  for  which  are  in  table  2,  received 
diet  B,  i.e.  a  diet  that  contained  about  1.75  per  cent  NaCl.  The  control  rats  and  one 
group  of  the  adrenalectomized  rats  were  permitted  access  to  tap  water.  The  other 
group  of  adrenalectomized  rats  received  i  per  cent  of  NaCl  in  their  drinking  water. 

Phosphorylation  of  fat  occurred  in  both  groups  of  adrenalectomized  rats  as  late 
as  10  days  after  complete  excision  of  both  adrenal  glands.  The  recovery  of  radio- 
phospholipid  in  the  whole  liver  was  2.0  to  3.9  per  cent  in  the  control  rats  and  1.7  to 

4.3  per  cent  in  the  adrenalectomized  rats.  The  conversion  of  administered  inorganic 
.  P“  to  phospholipid  P**  did  not  differ  significantly  in  the  two  groups  of  adrenalec- 

tomized  rats  studied,  namely  those  that  received  diet  B  plus  tap  water  and  those  that 
received  diet  B  plus  i  per  cent  NaCl  for  drinking  purposes. 

Twenty  days  after  adrenalectomy.  One  control  and  two  adrenalectomized  groups 
of  7  rats  each  were  used  here  (table  3).  Six  of  the  adrenalectomized  rats  that  were 
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maintained  on  diet  B  and  i  per  cent  NaCl  for  drinking  purposes  survived  the  20  days 
of  observation.  Only  3  of  the  group  of  7  that  received  diet  B  and  tap  water  survived 
for  20  days  after  removal  of  the  adrenal  glands. 

No  difference  was  observed  in  the  recovery  of  administered  inorganic  P®*  in  the 
form  of  phosphohpid  in  the  livers  of  the  3  groups  of  rats  recorded  in  table  3.  Thus, 
in  the  control  rats  1.8  to  3.9  per  cent  of  the  administered  labeled  phosphorus  was 
recovered  in  the  phospholipid  of  their  whole  livers,  whereas  in  the  two  groups  of 
adrenalectomized  rats  2.1  to  3.2  and  2.4  to  3.5  per  cent  were  recovered.  It  should  be 
noted  here  that  the  adrenalectomized  rats  kept  on  i  per  cent  NaCl  were  in  excellent 
condition  at  the  time  they  were  killed  for  determination  of  the  liver  phospholipid, 
while  those  that  received  tap  water  were  in  a  state  of  acute  adrenal  insufficiency.  No 
difference,  however,  was  found  in  the  percentage  of  recovered  as  Uver  phospholipid 
in  these  two  groups  of  rats. 


DISCUSSION  AND  SUMMARY 

The  results  of  the  present  investigation  offer  direct  proof  that  phosphorylation 
of  fat,  as  measured  by  the  incorporation  of  administered  radiophosphorus  into  the 
phospholipid  molecule,  is  not  interrupted  in  the  Uver  and  small  intestine  of  the 
adrenalectomized  rat.  The  incorporation  of  P®*  into  phosphohpid  was  observed  in 
adrenalectomized  rats  irrespective  of  whether  they  were  in  good  condition  while 
maintained  on  a  high  NaCl  intake,  or  whether  they  were  showing  manifestations  of 
adrenal  insufficiency. 

There  are  three  types  of  bonds  that  must  be  formed  in  order  to  build  a  lecithin  or 
cephahn  molecule  from  its  5  components;  a)  fatty  acid'glycerol  ester  hnkage,  b),  a 
bond  between  phosphate  and  glycerol  and  c),  a  bond  between  phosphate  and  chohne 
or  ethanolamine.  The  first  of  these  has  been  shown  to  occur  in  the  adrenalectomi^ed 
animal  by  Barnes  et  al.  (13),  whereas  the  present  study  shows  that  the  two  phosphate 
bonds  can  be  formed  in  the  absence  of  the  adrenal  glands.  The  two  studies  recorded 
above  estabUsh  the  ability  of  the  adrenalectomized  animal  to  synthesise  new  phospho- 
lipid  molecules. 
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REGENERATION  OF  ADRENAL  GLAND  FOLLOWING 
ENUCLEATION  AND  TRANSPLANTATION  WITH  SPE' 
CIAL  REFERENCE  TO  X^ZONE' 

M.  K.  McPHAIL  AND  H.  C.  READ 
From  the  Department  of  Pharmacology,  Dalhousie  University 

HALIFAX,  NOVA  SCOTIA 

The  authors  have  already  reported  (i)  that  the  X'^one  of  the  mouse  adrenal 
(2,  3),  under  certain  experimental  conditions,  is  capable  of  regeneration,  follow' 
ing  its  complete  degeneration.  In  the  young  adult  female,  for  example,  if,  im' 
mediately  after  parturition,  the  young  are  destroyed  and  lactation  inhibited,  an 
X'Zone  will  re'develop;  it  had  been  established  by  others  (2,  3)  that  during  pregnancy 
the  X'2one  rapidly  degenerates  and  has,  almost  invariably,  disappeared  by  the  end  of 
gestation.  Also  in  the  castrated  male,  where  it  is  known  that  the  injection  of  testO' 
sterone  propionate  causes  disappearance  of  the  X'sone  (4-6),  the  authors  found  that 
a  secondary  aone  would  re'develop  after  termination  of  androgen  administration.  Ah 
though  it  was  not  proved  in  these  cases  that  the  initial  and  regenerated  zones  are 
identical,  they  appeared  to  be  so  from  their  histological  pictures.  The  question  of  the 
possible  re'development  of  the  X'Zone  is  an  important  one,  as  it  is  desirable  to  know 
if  this  area  is  a  transitory  development  of  the  cortical  anlage  (7),  in  which  case  re' 
generation  would  be  unlikely,  or  merely  a  differentiation  of  the  fascicular  zone.  The 
present  work  was  undertaken  in  order  to  determine  if  an  X'Zone  would  develop  in  re' 
generating  glands  i.e.  in  adrenals  in  which  the  whole  area  with  the  exception  of  the 
capsule  is  removed  or  has  degenerated,  and  thus  differs  from  the  previous  experiments 
in  whidi  degeneration  of  the  X'Zone  only  took  place,  the  glands  otherwise  being 
intact. 

EXPERIMENTAL  PROCEDURE 

The  mice  used  in  this  work  came  from  a  mixed  colony  previously  described  (i). 
The  adrenals  were  fixed  in  Bouin’s  fluid,  sectioned  at  6  mu  and  stained  with  haema' 
toxylin  and  eosin.  All  operations  were  perfirmed  under  ether  anaesthesia. 

Enucleations  were  performed  by  the  method  described  by  Evans  (8)  for  the  rat, 
i.e.,  a  small  incision  was  made  in  the  adrenal  capsule  and  the  cortex  and  medulla  gently 
expressed  through  this  opening.  Regeneration  of  cortex  but  not  medulla  occurswithin 
10  to  18  days.  By  the  use  of  this  operation  it  was  hoped  to  study  regeneration  of  the 
gland  in  the  castrate  and  non'Castrate  after  removal  of  the  primary  X'Zone.  In  our 
preliminary  enucleations  we  found  on  examination  of  the  regenerated  mass  that  X'Zone 
and  medullary  tissue  were  often  present  even  though  serial  sections  of  the  expressed 
portion  contained  what  appeared  to  be  all  of  the  gland,  other  than  the  capsule  and  a 
small  amount  of  glomerulosa  (see  fig.  i  and  2).  Consequently  greater  care  was  taken 
-  in  later  operations  to  expel  thoroughly  the  gland  from  its  capsule,  by  gently  stroking 
the  latter  with  a  small  weighing  spatula  to  free  it  of  adhering  cells.  Enucleation  was 
thus  mad?  more  complete  but  unfortunately  resulted  in  a),  numerous  deaths  in  the 
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group  of  operated  animals,  presumably  from  adrenal  insufficiency,  and  b),  a  distortion 
of  the  capsule  so  that  the  extent  of  subsequent  regeneration  was  frequently  difficult 
to  assess. 

A  disadvantage  of  the  enucleation  technique  is  that  one  cannot  be  certain  that  all 
medullary  and  X'zone  cells  are  removed  and  that  some  are  not  left  adhering  to  the 
blood  vessels  and  nerves.  For  this  reason  it  was  decided  to  extend  the  series  to  include 
animals  in  which  the  glands  were  transplanted.  Both  the  leg  muscles  and  kidney  cap- 
sule  were  used  as  transplantation  sites,  although  the  latter  was  the  position  of  choice. 
The  kidney  has  the  advantage  of  high  vascularity  and  close  proximity  to  the  adrenal, 
numerous  authors  (9-1 1)  have  already  reported  on  its  value  as  a  site  for  adrenal 
transplants.  In  the  transplanted  organ,  generally  the  whole  central  portion,  cortex 
and  medulla  degenerates  and  a  new  cortex  develops  from  the  capsule. 

RESULTS 

Regeneration  of  adrenal  following  enucleation.  Enucleations  were  performed  in  both 
adult  and  immature  mice,  castrated  and  non-castrated  (tables  i,  2,  3).  The  significance 


Table  1.  Regeneration  of  adrenal  gland  following  enucleation  in  castrated  and 

INTACT  ADULT  MALE  MOUSE 


Animal 

Number 

Age  in  Days'  When 

Days 

Adrenals ' 
Regener- 1 
ated 

Remarks 

Castrated 

Enucle¬ 

ated 

£* 

74 

75 

45 

Good  development  of  fasciculata;  possible  X-zone 

E* 

74 

— 

— 

Good  development  of  fasciculata;  X-zone  J  cortex 

75 

74 

21  1 

Good  development  of  fasciculata;  no  X-zone  or  medulla 

E* 

75 

74 

21  '  ' 

Poor  development  of  fasciculata;  no  X-zone  or  medulla 

£“ 

75 

74 

21 

Limited  development  of  fasciculata;  no  X-zone  or  medulla 

£« 

74 

21 

Good  development  of  fasciculata;  no  X-zone  or  medulla 

E7 

74 

21 

Limited  development  of  fasciculata;  no  X-zone  or  medulla 

£* 

74 

45 

Good  development  of  fasciculata;  no  X-zone  or  medulla 

£» 

186 

79 

Poor  development  of  fasciculata;  no  X-zone  or  medulla 

£10 

294 

186 

124 

Good  development  of  fasciculata;  no  X-zone  or  medulla 

£» 

294 

186 

124 

Good  development  of  fasciculata;  no  X-zone  or  medulla 

£12 

186 

124 

No  adrenal  recovered 

E” 

191 

186 

124 

Very  good  regeneration;  possible  X-zone 

186 

78 

Poor  development  of  fasciculata;  no  X-zone  or  medulla 

'  These  animals  were  born  in  same  week  and  for  the  purpose  of  tabulation  the  average  age  of  the 
group  only  is  recorded. 


of  castration  as  a  factor  in  causing  X-zone  persistence  in  the  young  prepuberal  male, 
and  re'development  in  older  animals  after  normal  degeneration,  has  been  indicated  by 
Howard  (2)  and  Deanesly  (3).  Consequently,  the  effect  of  this  operation  on  the  de¬ 
velopment  of  the  adrenal  and  X-zone  was  examined  in  the  work  reported  below. 

Table  i  is  a  summary  of  data  obtained  from  13  operated  adult  male  animals  and 
one  control,  Er.  Originally  there  were  19  operated  animals  in  this  group  but  6  died 
within  I  to  12  days  following  operation.  The  mice  were  of  two  age  groups  but  all 
were  well  past  the  period  when  an  X-zone  would  be  found  (i).  Details  of  age  of  castra¬ 
tion  and  enucleation  are  given  in  the  table,  as  well  as  pertinent  data  on  the  histological 
findings  at  autopsy.  Four  of  the  7  operated  animals  in  the  first  age  group  were  cas¬ 
trated  and  3  of  the  6  animals  of  the  second  group;  in  the  first,  castrations  were  per¬ 
formed  the  day  following  enucleation,  with  the  exception  of  E}  which  was  castrated 
the  day  preceding  enucleation;  in  the  second  age  group,  2  of  the  animals  were  cas¬ 
trated  108  days  following  the  operation,  the  other,  5  days  after  it.  By  this  procedure 
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Fig.  1.  “Shelled’  adrenal  from  a  a6'day'old  mouse  showing  medulla.  X-zone,  cortex,  and  absence 
of  capsule.  Xyj. 

Fig.  2.  Enucleated  adrenal,  regenerated  for  15  days.  Early  operation.  Note  good  development 
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it  was  hoped  to  study  the  effect  of  castration  on  a),  newly  regenerating  glands,  b), 
glands  regenerated  for  some  time. 

Of  the  13  experimental  animals,  regenerating  tissue  was  found  in  12;  no  tissue 
that  could  be  considered  as  adrenal  gland  was  found  in  sections  from  Of  the  12, 
only  2,  viz.  E}  and  contained  X-zone^like  cells  and  we  cannot,  unequivocally,  be 
sure  that  these  are  X'Zone  cells.  In  (fig.  3)  the  probable  X'Zone  cells  are  found  to- 
wards  the  center  of  the  regenerated  gland  and  are  smaller  and  darker  than  the 


Table  a.  Regeneration  of  adrenal  gland  following  enucleation  in  castrated  and 

INTACT  IMMATURE  MALE  MOUSE.  CaSTRATED  AT  21  DAYS,  ENUCLEATED  AT  DAYS 
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The  effect  of  castration  on  the  regenerating  adrenal  capsule  of  the  immature  male 
is  recorded  in  table  2.  Results  were  obtained  from  13  animals;  20  were  enucleated  but 
7  died.  Five  were  castrated  at  21  days  of  age,  all  enucleated  at  27  days  and  the  period 
of  regeneration  varied  from  21  to  75  days.  Adrenal  tissue  was  not  found  in  3  animals. 
Probable  X'^one  tissue  was  found  in  one  animal,  R\  and  possible  X'Zone  tissue  in  two 
others,  R*  and  R“,  all  castrated.  The  regenerated  gland  from  R^  is  shown  in  figure  4 
and  5. 

In  summary,  regenerating  adrenal  glands  were  studied  in  26  male  mice,  13  adults 


Table  4.  Regeneration  op  adrenal  gland  following  transplantation  beneath  kidney  capsule, 

CASTRATED  AND  NONCASTRATED  MALES 


Animal 

Number 

Age  in  Days  When 

Days  Before 
Autopsy 
After 
Grafting 

Remarks 

Castrated 

Adrenals 

grafted 

K 

35 

35 

36 

Good  development  of  cortex;  no  X-zone 

35 

35 

36 

Good  development  of  cortex;  no  X-rone 

K* 

35 

35 

49 

Good  development  of  cortex;  possible  X-zonc 

K‘ 

35 

49 

Good  development  of  cortex;  no  X'zone 

K« 

35 

49 

Good  development  of  cortex;  no  X-zone 

K» 

33 

33 

50 

Poor  development  of  cortex;  no  X-zone 

K‘ 

33 

33 

50 

Good  development  of  cortex;  X'zone  present 

KT 

18 

18 

50 

Fair  development  of  cortex;  possible  X'Zone 

K» 

4  mo. 

4  mo. 

60 

Good  development  of  cortex;  no  X-zone 

K* 

4  mo. 

4  mo. 

60 

Good  development  of  cortex;  possible  X'Zone 

Kio 

4  mo. 

4  mo. 

60 

Good  development  of  cortex;  no  X'Zone 

Kui 

14 

43 

Good  development  of  cortex;  X'Zone  doubtful 

K“ 

14 

14 

43 

Good  devebpment  of  cortex;  X'Zone  doubtful 

14 

43 

Fair  development  of  cortex;  X-zone  doubtful 

K14* 

14 

43 

Good  development  of  cortex;  X-zone  doubtful 

*  Animals  received  dcsoxycorticosterone  acetate  following  adrenal  transplantation. 

*  Found  to  be  females  when  autopsied. 


Table  5.  Regeneration  of  adrenal  gland  following  transplantation  beneath  kidney  capsule, 

IMMATURE  FEMALES 


Animal 

Number 

Age  in  Days  When 

Remarks 

Adrenals 

grafted 

Killed 

1 

15 

71 

Poor  development  of  cortex;  no  X-zone 

15 

7a 

Good  development  of  cortex;  good  X'zone 

3 

15 

71 

Good  development  of  cortex;  possible  X'Zone 

4 

15 

71 

Good  development  of  cortex;  possible  X'zone 

5 

15 

71 

Good  development  of  cortex;  possible  X'Zone 

and  13  immature  animals.  In  only  5  were  adrenal  cells  found  that  resembled  X'Zone 
cells  and  these  were  all  castrated. 

To  the  above  groups  of  animals,  in  which  the  adrenal  was  enucleated,  can  be 
added  42  young  castrated  males,  used  in  a  different  problem.  FiftyTour  male  mice 
were  castrated  at  21  days  of  age,  enucleated  at  26  days  and  the  regeneration  of  the 
gland  studied  over  a  period  from  2  to  35  days.  Twelve  animals  died,  leaving  42  from 
which  results  were  obtained;  these  are  considered  under  four  headings  in  table  3. 

In  this  series,  as  in  the  preceding  ones,  regeneration  of  the  adrenal  gland  is  found 
in  the  majority  of  animals,  but  those  having  X-zone  tissue,  or  possible  X'zone  tissue,  are 
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relatively  few.  Thus  it  would  appear  that  although  regeneration  of  the  zone  is  marked 
following  pregnancy  or  testosterone  propionate  therapy,  it  is  not  when  a  new  gland 
regenerates  from  the  capsule. 

Regeneration  of  adrenal  following  transplantation.  Results  of  work  on  the  trans' 
planted  gland  are  given  in  tables  4  and  5.  Table  4  is  made  up  of  data  on  male  mice  with 
the  exception  of  and  2  females  included  by  mistake  and  not  discovered  until 
autopsy.  Although  development  of  the  adrenal  was  uniformly  good,  there  was  only 
one  gland  containing  a  clear  indication  of  X'zone,  viz.  K*.  Three  others  possessed  cells 
suggestive  of  X'Zone  cells  (K*,  K’  and  K®)  but  they  did  not  have  the  characteristic 
zone  found  in  the  young  animal.  All  cases  of  X'Zone  and  possible  X'Zone  were  in  cas- 
trates,  an  observation  similar  to  that  made  in  regenerated  glands  following  enuclea¬ 
tion.  Wyman  and  turn  Suden  (12)  found  in  the  rat  that  if  gonadectomy  was  performed 
simultaneously  with  homoplastic  transplantation  of  adrenal  cortex  the  incidence 
of  successful  grafts  in  the  male  was  greater  in  the  castrate  than  in  the  non-castrate;  in 
the  female  it  was  not  significantly  changed.  Thus  the  finding  of  an  X-zone  more  fre¬ 
quently  in  the  castrate  than  non-castrate  in  our  series  may  be  explained  by  the  better 
regeneration  of  the  adrenal  tissue  in  the  former  for  some  unknown  reason,  rather  than 
to  a  specific  call  on  the  part  of  the  animal  for  androgenic  substances  as  might  be  sug¬ 
gested  by  the  original  hypothesis  of  Howard  (13). 

In  table  5  are  recorded  the  results  from  5  female  animals  in  which  the  adrenals  were 
implanted  under  the  kidney  capsules  at  15  days  of  age  and  left  for  57  days.  In  this 
series,  although  only  one  animal  had  a  good  X-zone  in  the  regenerated  gland,  3  others 
possessed  possible  X-zones,  i.e.  the  incidence  of  X-zone  tissue  apparently  is  higher  in 
this  young  group  that  it  is  in  the  others.  It  is  well  known  that  age  influences  the  per¬ 
centage  of  ‘takes’  (14)  in  transplantation  work,  a  fact  that  may  account  for  this  ap¬ 
parent  discrepancy.  It  is  also  pertinent  to  mention  a  report  in  which  medullary  tissue 
has  been  found  in  adrenal  transplants  (10),  an  observation  that  we  have  made  in  one 
instance  only  in  which  the  adrenals  were  implanted  in  the  leg  muscles.  The  above 
workers  state  that  if  the  medullary  cells  can  establish  a  blood  supply  after  transplanta¬ 
tion  they  will  persist.  Therefore  an  X-zone  without  a  medulla  would  suggest  that  the 
central  portion  of  the  gland  had  degenerated  and  that  the  new  area  had  developed  from 
capsular  tissue. 

DISCUSSION 

A  survey  of  the  above  work  on  the  adrenal  gland  gives  no  decisive  information  as 
to  whether  the  X-zone  will,  or  will  not,  re-develop  following  enucleation  and  trans¬ 
plantation.  In  no  single  case  has  an  area  developed  that  can  be  described  as  a  true 
secondary  X-zone.  This  is  distinctly  different  from  our  earlier  report  (i)  in  which 
it  was  found  that  following  pregnancy  in  the  female,  and  cessation  of  androgen  ad¬ 
ministration  in  the  castrated  male,  a  secondary  X-zone  would  develop.  It  could  be  that 
when  the  fasciculata  is  intact,  as  in  these  cases,  a  new  X-zone  can  regenerate  but  when 
the  fasciculata  is  removed,  as  in  the  enucleated  gland,  or  degenerated,  as  in  the  trans¬ 
planted  gland,  re-development  is  less  likely  to  occur.  Gersh  and  Grollman  (15)  have 
recently  indicated  the  importance  of  the  vascular  pattern  in  the  histological  organiza¬ 
tion  of  the  adrenal  gland;  and  it  is  conceivable  that  the  drastic  intervention  of  enuclea¬ 
tion  and  transplantation  might  so  distort  the  normal  pattern  that  regeneration  of  the 
X-zone  does  not  take  place  so  effectively  as  it  would  in  gbnds  in  which  the  fascicular 
area  and  blood  supply  had  not  been  disturbed.  In  our  earlier  paper  we  adopted  the 
view  that  the  X-zone  is  a  differentiation  of  the  fasciculata  and  not  a  transitory  de¬ 
velopment  of  a  specific  type  of  tissue  as  suggested  by  Waring '(7);  the  present  work 
might  be  interpreted  to  vitiate,  in  part,  this  conception.  However,  the  mere  presence 
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of  dark  cells  in  some  of  the  regenerated  glands  suggests  that  X-aone  tissue  may  de- 
velop.  If  they  are  proven  to  be  X'zone  cells  then  they  could  derive  only  from  the 
fascicular  area  as  growth  of  the  adrenal  proceeds  from  the  capsule  inwards  (i6). 

SUMMARY 

Regeneration  of  the  adrenal  gland,  following  enucleation  and  transplantation, 
with  particular  reference  to  the  development  of  the  X^aone,  has  been  studied  in  the 
immature  and  adult,  castrated  and  non^castrated  male  mouse.  In  a  small  percentage  of 
the  animals  studied,  dark  cells  were  found  towards  the  central  part  of  the  gland, 
reminiscent  of  those  seen  in  a  primary  X'aone,  but  in  no  single  instance  did  a  distinctive 
area  regenerate  which  could,  unequivocally,  be  described  as  X'Zone.  A  possible  eX' 
planation  for  the  failure  of  X-zone  tissue  to  regenerate  is  given. 

We  arc  indebted  to  the  Ciba  Co.,  Ltd.,  Montreal,  Quebec,  for  the  generous  supply  of  dcsoxy- 
corticosterone  acetate. 
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Hill  (i,  2)  and  Hill  and  Strong  (3)  have  reported  that  ovaries  transplanted  into 
the  ears  of  mice  secrete  androgenic  substance.  This  is  evidenced  by  main- 
tenance  of  the  normal  seminal  vesicle  and  prostate  conditions  in  castrated 
male  mice  receiving  such  grafts.  The  results  of  Hill  (i)  and  others  (4,  5)  show  that  in 
inbred  mice,  intra^strain  transplantation  can  be  successful. 

The  adrenal  gland  of  the  mouse  shows  an  intermediary  zone  situated  between  the 
zona  Hsciculata  and  the  zona  reticularis  and  designated  by  Howard'Miller  (6)  as  the 
‘X'zone.’  Development  of  the  X-zone,  in  both  sexes,  begins  at  about  9  days  and  con' 
tinues  until  maturity  at  28  to  32  days  of  age  (7).  At  maturity,  the  X'Zone  in  the  male 
rapidly  disappears  by  cytolysis  of  its  cells.  A  connective  tissue  capsule  then  forms 
around  the  medulla.  In  the  virgin  female,  the  X'Zone  increases  in  size  until  the  animal 
is  about  45  days  of  age,  at  which  time  vacuolation  of  the  tissue  begins.  This  vacuok' 
tion  increases  with  age,  until  the  entire  structure  weakens  and  collapses.  At  this 
stage,  a  condition  similar  to  that  in  mature  males  is  present  (7).  In  the  event  of 
pregnancy,  the  X'Zone  rapidly  disappears  in  much  the  same  manner  as  it  does  in  the 
male  at  maturity. 

Removal  of  the  testis  before  maturity  results  in  persistence  of  the  X'Zone.  A  con¬ 
dition  similar  to  that  in  the  nulliparous  female  is  then  present  (6,  7,  8).  Starkey  and 
Schmidt  (7)  have  shown  that  testcwterone  propionate  causes  rapid  disappearance  of 
the  X'Zone.  Cramer  and  Homing  (9)  have  also  noted  a  similar  effect  of  testosterone 
treatment. 

This  work  is  an  attempt  to  substantiate  the  findings  of  previous  workers  (i,  4), 
that  ovarian  transplants  into  the  ear  of  the  mouse  will  secrete  androgenic  substance, 
and  to  study  the  effect  of  such  grafts  on  the  adrenal  X-zone  of  the  recipient  animal. 

MATERIAL  AND  METHODS 

A  total  of  127  albino  mice  of  the  Hygenic  strain  were  used  in  this  investigation. 
This  strain  has  been  raised  and  inbred  in  our  laboratory  for  the  past  3  years. 

Adolescent  males  (24-28  days  of  age)  were  castrated  and  ovaries  from  mature 
females  were  immediately  transplanted  into  subcutaneous  pockets  made  in  the  ears. 
The  technique  used  in  preparing  the  ovarian  transplants  is  essentially  that  described 
by  Hill  (i),  with  minor  variations.  Our  method  consists  of  freeing  the  ear  of  hair, 
cleansing  with  i  per  cent  phenol,  and  incising  the  skin  on  the  dorsal  aspect  of  the 
base.  A  pocket  is  made  by  starting  at  the  incision  and  carefully  probing  under  the 
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skin  with  forceps.  In  making  the  incision  and  pocket,  care  is  taken  to  avoid  any  un^ 
necessary  disturbance  of  the  blood  supply  to  the  ear.  One  ovary  is  then  introduced 
into  each  ear  of  the  animal. 

Of  the  experimental  group  so  operated,  each  of  29  animals  was  injected  with  a 
total  of  150  i.u.  of  pregnant  mare  serum  hormone.^  This  gonadotropic  substance  was 
administered  in  daily  doses  of  15  i.u.  by  subcutaneous  injection  for  10  consecutive 
days.  Treatment  was  begun  the  day  following  castration  and  ovarian  implantation. 

Some  of  the  animals  were  killed  at  daily  intervals  of  from  11  to  21  days  following 
operation.  In  the  case  of  other  animals,  the  postoperative  period  was  27,  32,  38,  50, 
and  75  days.  At  the  time  of  autopsy,  adrenals,  ovarian  transplants,  seminal  vesicles 
and  ventral  prostates  were  removed  and  prepared  for  histological  examination. 

Four  control  groups  of  animals  were  maintained,  a).  Normal  adolescent  males 
from  which  the  adrenals  were  removed  at  the  time  of  operation  of  htter-mate  brothers, 
b).  Adolescent  males  which  were  castrated  along  with  their  experimental  litter 'mate 
brothers,  but  which  did  not  receive  ovarian  tissue,  c).  Adolescent  castrated  males  in 
which  ovarian  transplants  failed  to  take.  d).  Castrate  males  not  bearing  transplants, 
treated  with  pregnant  mare  serum  in  the  same  manner  as  described  above  for  the 
experimental  animals. 

OBSERVATIONS 

The  histology  of  the  ovarian  transplants  falls  into  three  general  categories,  a). 
Transplants  which  failed  to  take  or  were  only  partially  established  (fig.  i).  Here,  the 
transplants  showed  large  areas  of  tissue  degeneration  with  lymphocytic  infiltration. 
Fibrosis  was  greatly  increased  throughout  the  tissue.  Anemic  areas  were  scattered 
and  numerous  due  to  a  decreased  blood  supply.  This  was  particularly  true  in  the 
central  portion  of  the  graft,  b).  Transplants  which  took  well  in  animals  not  treated 
with  gonadotropic  substance  (fig.  2).  In  transplants  in  animals  autopsied  12  to  20  days 
postoperatively,  a  fair  number  of  graafian  follicles  were  present.  The  ova  contained 
in  these  follicles  showed  pyknotic  nuclei  in  many  instances.  The  cells  of  the  membrana 
granulosa  contained  some  mitotic  figures.  The  theca  interna  and  theca  externa  were 
clearly  discerned.  The  follicular  state  most  commonly  seen  showed  a  small  or  medium' 
sized  granulosa  cell  layer  with  a  centrally  placed  naked  ovum  devoid  of  the  cumulus 
oophorus.  A  few  apparently  normal  primordial  and  vesicular  follicles  were  observed. 
No  evidence  of  ovulation  was  seen.  Ckirpora  lutea  were  lacking,  although  large 
patches  of  epitheloid'Uke  cells  mixed  with  fibroblasts  and  connective  tissue  cells  were 
seen.  These  areas  were  surrounded  by  a  dense  layer  of  connective  tissue  and  may  have 
been  residual  corpora  lutea.  c).  Transplants  in  animals  injected  with  pregnant  mare 
serum  (fig.  3).  The  histological  picture  here  was  more  nearly  like  that  of  the  normal 
ovary  than  was  seen  in  the  previous  groups.  Vesicular  graafian  follicles  were  more 
numerous,  with  apparently  normal  ova  and  membrana  granulosa.  The  stroma  of  the 
ovary  appeared  normal  also,  and  contained  numerous  blood  vessels.  Interspersed  in 
the  connective  tissue  were  groups  and  cords  of  epitheloid'Uke  interstitial  cells.  Here, 
also,  corpora  lutea  were  absent.  In  general,  the  ovaries  showed  a  response  to  gonado' 
tropic  substance. 

The  effect  of  the  transplanted  ovaries  in  ten  castrated  male  mice  was  directly 
proportional  to  the  success  of  the  graft.  Adrenal  X'zone  changes  occurred  only  when 
•  complete  or  partial  maintenance  of  the  ovaries  was  evident.  In  those  animals  which 
had  very  successful  ovarian  transplants  (fig.  2  and  3),  a  marked  reduction  of  the 
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X'zone  was  accomplished  (fig.  6).  Two  such  animals  exhibited  complete  disappearance 
of  the  X'Zone  with  the  ensuing  encapsulation  of  the  medulla  by  connective  tissue 
(fig.  7).  Those  animals  possessing  ovarian  transplants  which  had  not  taken  (fig.i) 
showed  adrenal  X'Zones  characteristic  of  the  castrate  type  (fig.  5).  A  few  of  these  mice 
had  hypertrophied  adrenal  X-zones.  Others  (50  to  70  days  post'operatively)  presented 
a  vacuolated  X-zone  similar  to  the  type  found  in  virgin  females  beyond  45  days  of  age. 
This  vacuolation  had  not  progressed  to  a  degree  causing  collapse  of  the  zone. 

As  in  the  motivation  of  adrenal  X-zone  disappearance,  the  maintenance  of  seminal 
vesicles  in  the  experimental  animals  was  dependent  upon  the  degree  of  take  in  the 
ovarian  transplant.  In  animals  possessing  successful  ovarian  transplants,  the  seminal 
vesicle  epithelium  was  tall  columnar  with  secretion  granules.  A  secretion  product  and 


Fig.  I.  Unsuccessful  ovarian  transplant  into  ear.  Note  extensive  areas  of  degeneration  and 
lymphocytic  infiltration.  Many  small  anemic  areas  are  also  shown.  X40.  Fig.  2.  Successful  ovarian 
TRANSPLANT  into  the  ear  of  untreated  mouse.  Several  small  follicles  are  present,  one  containing  an  ovum. 
Note  large  areas  of  apparently  fibrosed  residual  corpora  lutea.  X40.  Fig.  j.  Successful  ovarian  trans¬ 
plant  into  the  ear  of  mouse  treated  with  PMS.  Note  the  well  stimulated  Graafian  follicles  and  increase 
in  interstitial  cells.  X  40. 

exfoliated  cells  were  found  in  the  lumen  of  the  vesicular  gland.  If  the  ovarian  trans¬ 
plants  did  not  take,  and  thus  became  degenerate,  the  seminal  vesicle  epithelium  be¬ 
came  involuted,  as  in  non-treated  castrate  controls. 

All  of  the  ventral  prostates  examined  showed  some  degenerated  areas.  The  num¬ 
ber  of  such  areas  in  animals  bearing  successful  transplants  was  not  as  great  as  was 
seen  in  the  control  groups. 

DISCUSSION 

That  ovaries  do  secrete  male  hormone  after  transplantation  to  the  ears  of  castrate 
male  mice  has  been  shown  by  previous  workers  (i,  2,  3)  and  is  further  confirmed  by 
this  study.  This  fact  is  indicated  by  maintenance  and  stimulation  of  the  seminal 
vesicle  and  prostatic  tissue.  This  work  further  shows  that  successful  transplants 
cause  reduction,  or  complete  and  rapid  removal  of  X-zone  cells  in  castrated  mice.  The 
X-zone  in  the  adrenals  of  young  male  mice  does  not  normally  disappear  until  after  the 
testes  have  become  fully  functional  and  it  is  retained  only  when  castration  is  per¬ 
formed  before  maturity.  Furthermore,  androgenic  substance  will  cause  its  rapid  and 
complete  disappearance  (7,  9,  10,  11).  Since  the  reduction  or  disappearance  of  the 
X-zone,  in  our  experiments,  was  commensurate  with  the  degree  of  maintenance  of  the 
ovarian  transplant  in  the  ear,  it  appears  that  androgen  secreted  by  the  grafts  was  the 
causative  agent. 


Fig.  4.  Normal  immature  male  adrenal.  Note  the  well  developed  X-zone  (X)  situated  between 
the  zona  fasciculata  (F)  and  the  medulla  (M).  X 160.  Fig.  5.  Adrenal  from  a  castrate  male  mouse 
bearing  an  unsuccessful  ovarian  transplant  (fig.  i).  The  X-zone  is  hypertrophied  and  contains  several 
vacuolated  c^lls.  X 160. 

Fig.  6.  Adrenal  from  a  non-treated  castrated  male  mouse  having  a  successful  ovarian  trans¬ 
plant  (fig.  2).  The  X'zone  is  markedly  degenerated  at  the  periphery  and  has  undergone  compression. 
X 160.  Fig.  7.  Adrenal  from  a  PMS-treated  castrate  male  having  a  successful  ovarian  transplant 
(fig.  j).  The  X'Zone  has  completely  disappeared  and  a  connective  tissue  band  formed  at  the  medullary 
border.  X160. 
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Treatment  of  animals  bearing  ovarian  transplants  resulted  in  better  maintenance 
of  the  graft,  stimulation  of  the  ovarian  tissue,  and  greater  reduction  in  the  adrenal 
X-aone  tissue  in  the  recipient  animal.  This  effect  on  the  X'Zone  is  not  due  to  the  treat¬ 
ment  with  pregnant  mare  serum,  as  castrate  animals  not  bearing  transplants  were  not 
so  affected  by  such  treatment.  Since  both  the  follicles  and  interstitial  tissue  were 
stimulated  by  the  treatment  with  mare  serum,  the  source  of  androgens  secreted  by 
the  grafts  is  still  open  to  question.  It  is  of  interest  to  note  that  in  spite  of  the  large 
amount  of  pregnant  mare  serum  administered,  no  lutein  tissue  was  seen  in  the  implants. 
This  may  indicate  that  the  rapid  disappearance  of  the  X-zone  seen  at  the  onset  of 
pregnancy  is  due  to  agents  other  than  persistent  corpora  lutea. 

SUMMARY 

Ovaries  transplanted  to  the  ears  of  mice  produce  androgenic  effects  in  direct  pro¬ 
portion  to  the  degree  of  successful  maintenance  of  the  graft.  These  effects  are  seen  in 
the  stimulation  of  seminal  vesicle  and  prostatic  tissue  and  confirm  reports  of  previous 
workers. 

Such  transplants  cause  reduction  or  disappearance  of  the  adrenal  X-zone  in  animals 
bearing  the  grafts. 

Stimulation  of  ovarian  grafts  with  pregnant  mare  serum  hormone  results  in  a 
greater  percentage  of  ‘takes’  and  an  increased  reduction  of  adrenal  X-zone  tissue  in 
the  recipient  animal.  Such  treatment  failed  to  produce  lutein  tissue  in  the  grafted 
ovaries  in  spite  of  the  large  doses  administered. 
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CYCLIC  CHANGES  IN  BLOOD  CALCIUM,  PHOSPHORUS 
AND  FAT  IN  RELATION  TO  EGG  LAYING  AND  ESTRO^ 
GEN  PRODUCTION 

OSCAR  RIDDLE 

From  the  Carnegie  Institution,  Department  of  Genetics 

COLD  SPRING  HARBOR,  NEW  YORK 

The  data  brought  together  here  seem  useful  wholly  apart  from  their  contribu¬ 
tion  to  a  symposium  on  the  relation  of  endocrines  to  skeletal  development. 
In  egg-laying  vertebrates  periods  of  egg  production  arc  associated  with  sur¬ 
prisingly  large  changes  in  serum  calcium,  Upoid  phosphorus  and  fat;  and  the  ebb  and 
flow  of  these  substances  is  here  regulated  by  estrogen.  In  mammals  such  cyclic 
changes  and  such  responses  to  estrogen  are  so  attenuated,  so  obscure,  or  so  limited 
in  duration  that  the  hterature  of  the  subject  to  date  is  over-filled  with  contradiction. 
Estrogens  have  a  like  action  on  the  bones  of  birds  and  mammals  but  it  is  evident  that 
the  blood  changes  in  egg-laying  species  should  be  told  as  a  unified,  uncomplicated 
story.  In  connection  with  such  a  statement  we  draw  attention  to  certain  unsolved 
problems  and  also  present  a  series  of  five  figures  containing  hitherto  unpublished  data. 

The  extent  and  the  synchrony  of  the  changes  in  serum  calcium  with  egg  laying 
were  adequately  described  in  the  first  study  ever  made  of  the  subject.  That  of  Riddle 
and  Reinhart  (i)  utilized  doves  and  pigeons  whose  whole  reproductive  history  was 
known  to  the  hour  of  sampling;  and  all  of  the  233  adults  utilized  in  the  study  were 
killed  at  the  hour  of  sampUng  so  that  the  state  of  the  ovary,  and  the  presence  of  frank 
disease  (worms  or  other  disease  in  42  birds),  could  be  learned  definitely.  In  retrospect 
we  can  realize  that  an  egg-laying  vertebrate  more  suitable  than  the  pigeon  for  this 
study  could  hardly  have  been  found.  In  these  particular  animals  the  ovary  can  be¬ 
come  fully  active,  i.e.,  it  may  grow  and  release  a  pair  of  egg  yolks,  at  all  seasons  of  the 
year;  and  here  the  exact  time  required  to  develop  a  pair  of  yolks,  and  the  very  hour 
at  which  they  leave  the  ovary,  is  known;  finally,  and  almost  equally  important,  in 
pigeons  the  periods  of  ovarian  activity  are  usually  sharply  separated  by  rather  long 
periods  of  inactivity  in  the  ovary.  For  these  reasons  the  several  changes  associated 
with  egg  production  can  now  be  graphed  more  accurately  for  doves  and  pigeons  than 
for  other  species. 

CXir  initial  study  readily  showed  that  in  male  doves  and  pigeons  the  plasma 
calcium  remains  practically  the  same  (9.0  mg.%)  at  all  phases  of  the  reproductive 
cycle;  in  females  the  ovauies  of  which  were  resting,  the  same  value  (9.3  mg.%)  was 
found,  but  during  the  period  of  rapid  growth  and  ovulation  of  the  two  ova,  the  serum 
calcium  increased  to  more  than  double  (19.9  ing.%)  its  usual  or  normal  value  (fig.  i). 
This  increase  was  observed  to  begin  about  123  hours  before  secretion  of  an  egg  shell 
occurs  and  it  was,  therefore,  concluded  that  the  latter  event  could  in  no  way  cause 
.cm:  explain  the  increase  of  the  blood  calcium.  There  was  reason  to  beUeve  the  para- 
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thyroid  glands  were  causally  involved,  but  it  was  further  stated  that  the  rise  in 
‘calcium  at  ovulation  is  apparently  quite  conterminous  with  the  increase  in  the  si^e 
of  the  particular  ovum  which  will  ovulate  108  hours  later,  and  with  the  increase  in 
size  in  the  oviduct  and  suprarenal.’ 

A  few  months  later  Paihon  (2)  noted  that  the  serum  calcium  of  5  laying  hens  was 
more  than  double  the  amount  found  in  4  brooding  hens.  Hu^es,  Titus  and  Smits 
(3)  reported  that  hens,  the  ovaries  of  which  are  developing  eggs,  usually  show  double 
or  triple  the  amount  of  serum  calcium  that  is  characteristic  for  non^reproducing  hens, 
pullets  and  cocks.  Several  later  studies  confirmed  these  results  in  fowl. 

It  soon  became  evident,  however,  that  some  flocks  of  laying  hens  utilized  in  these 
studies  may  show  large  daily,  almost  hourly,  fluctuations  of  the  serum  calcium.  Charles 
and  Hogben  (4)  and  Knowles,  Hart  and  Halpin  (5)  explored  this  subject  and  noted 
wide  and  largely  unpredictable  variations  ranging  from  8.7  to  37.0  mg.  per  cent,  with' 
in  two  weeks  in  the  same  laying  hen.  In  the  last'named  study  two  samples  taken  less 
than  4  hours  apart  yielded  13.4  and  23.8  mg.  per  cent  of  calcium.  In  general  these  in' 
vestigators  thought  that  low  calcium  levels  are  found  when  eggs  are  in  the  shell 
gland,  and  high  levels  when  there  is  no  egg  in  the  shell  gland.  A  year  later  in  the  same 
laboratory  Deobald,  Lease  and  Hart  (6)  observed  that  in  individual  laying  hens  the 
blood  calcium  was  relatively  constant  (4  mg.  per  cent  variation;  3  mg.  per  cent  varia' 
tion  in  non-laying  hens)  over  a  period  of  36  hours,  20  of  which  are  involved  in  the 
secretion  of  shell.  Laying  hens  which  were  abruptly  deprived  of  calcium  in  the  ration, 
ceased  egg  production  after  about  12  days,  and  the  ash  content  of  the  shells  of  the 
last  eggs  produced  was  less  than  25  per  cent  of  the  normal.  The  skeletons  of  these  hens 
were  ashed  and  found  to  have  contributed  calcium  for  the  formation  of  egg-shells. 
These  authors  made  the  further  significant  observation  that  injections  of  a  prepara' 
tion  of  parathyroid  hormone  did  not  increase  the  serum  calcium  of  these  calcium' 
starved  laying  hens,  although  injections  into  normal  laying  hens  had  a  marked  effect. 

In  connection  with  this  question  it  should  be  noted  that,  apparently,  only  a  part 
of  the  large  fluctuations  observed  by  Knowles,  Hart  and  Halpin  can  be  accounted  for 
on  the  basis  of  the  actual  presence  or  absence  of  an  egg  in  the  shell  gland.  A  fuller 
explanation  requires  attention  to  the  concurrent  activity  of  the  ovary — yolk  and 
estrogen  production — and  to  the  probability  that  continuously  stimulated  ovaries, 
such  as  those  of  laying  hens,  are  occasionally  unable  to  maintain  a  high  blood  calcium. 
We  much  need  to  know  whether  these  occasional  temporary  decreases  involve  a  tern' 
porary  cessation  of  estrogen  production,  a  temporarily  refractory  parathyroid,  an' 
other  antihormone  phenomenon,  an  exhaustion  of  the  calcium  which  the  skeleton 
will  yield  under  these  conditions,  or  something  else. 

Hess  et  al.  (7)  showed  that,  in  certain  female  fishes  such  as  the  cod  and  puffer  the 
blood  calcium  markedly  increases  during  the  short  period  when  the  eggs  develop  and 
mature.  In  males  9  to  12.5  mg.  per  cent  of  calcium,  and  in  reproducing  females  values 
of  29  mg.  per  cent,  were  found.  In  the  viviparous  dogfish,  shark,  a  change. in  blood 
calcium  according  to  reproductive  state  was  not  observed,  and  in  that  case  the  cal' 
cium  values  were  the  same  in  males  as  in  females.  The  eggs  of  the  cod  fish  and  puffer 
are  not  provided  with  a  shell. 

In  the  toad,  Xenopus,  Zwarenstein  and  Shapiro  (8)  found  that  the  serum  calcium 
of  females  is  greater  at  all  seasons  than  that  of  males,  and  that  females  taken  directly 
from  ponds  show  highest  calcium  values  at  the  beginning  of  the  egg  laying  season 
in  July  and  August.  The  variation  found  from  February  to  August,  however,  was 
from  only  9.9  to  12.9  mg.  per  cent.  The  eggs  of  these  toads  do  not  have  calcareous 
shells.  '  I 
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Thus,  a  more  or  less  marked  calcemia  has  been  found  associated  with  egg  laying 
in  practically  all  of  the  eggdaying  vertebrate  species  that  have  been  examined.  Laskow- 
ski  (9)  and  Greenberg  et  al.  (10)  showed  that  in  hens  this  increase  occurs  chiefly  or 
wholly  in  the  bound  or  non-diffusible  Ca  fraction. 

The  first  published  fact  concerning  changes  in  phosphorus  content  of  the  blood 
in  relation  to  egg  laying  was  contained  in  Miescher’s  (ii)  observation  in  1897  that  at 
the  time  eggs  ripen  in  the  salmon  the  blood  serum  shows  ‘increased  amounts’  of 
lecithin  and  fatty  acids.  The  next  contribution,  by  Lawrence  and  Riddle  (la)  indi' 
cated  that  the  total  P  in  the  plasma  of  cocks,  non^laying  hens  and  laying  hens  are 


Fig.  I.  Serum  calcium,  upoio  phosphorus  and  serum  pat  in  the  reproductive  cycle  (dove 
pigeon).  Note  that  the  time  si^e  (base  line)  for  periods  at  or  near  ovulations  (down-pointing  arrows), 
are  in  hours,  while  other  periods  are  for  days  or  weeks.  The  curve  for  serum  fat  (data  of  Riddle,  Senum 
and  Opdyke;  67  determinations,  Allen's  method)  in  female  common  pigeons  is  here  given  on  the  same  time 
scale  which  was  earUer  used  to  show  cyclic  changes  in  serum  calcium  (i),  lipoid  phosphorus  (13),  and 
weight  of  oviduct  (19). 

related  to  each  other  as  are  the  values  100,  115  and  205.  The  plasma  of  5  laying  hens 
tested  had  a  somewhat  higher  percentage  of  lipoid  P  than  was  found  in  cocks  and 
non-laying  hens;  but  non-lipoid  P  in  the  plasma  of  laying  hens  was  almost  twice  that 
found  in  non-laying  hens,  and  cocks.  Riddle  and  Bums  (13)  determined  the  lipoid  P 
for  the  entire  reproductive  cycle  in  ring  doves  in  the  females  of  which,  during  the 
growth  of  the  two  ova,  this  fraction  was  observed  to  increase  from  37  to  57  mg.  per 
100  cc.  of  blood  (fig.  i).  The  highest  point  on  this  curve  is,  however,  not  during  or 
between  ovulations,  but  about  2.5  days  earUer. 

Laskowski  (9,  14)  largely  clarified  the  changes  in  the  phosphorus  content  of  the 
plasma  of  fowl  during  egg  production  by  showing  that  the  total  phosphorus  then 
becomes  3.5  times  greater  than  in  non-laying  fowls;  also  that  practically  the  whole  of 
this  increase  is  made  up  of  organic  or  non-diff^usible  phosphorus.  In  laying  hens,  sub- 
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jected  to  various  periods  of  fasting,  he  showed  that  the  highest  blood  levels  of  both 
P  and  Ca  are  not  dependent  upon  the  presence  of  food  in  the  alimentary  tract.  Soon 
thereafter  Laskowski  (15,  16)  reported  his  important  studies  indicating  the  de  novo 
appearance,  or  the  enormous  increase,  of  a  phosphoprotein,  serum  vitelHn,  in  the 
plasma  of  various  vertebrates  in  close  association  with  the  maturing  of  their  eggs. 
Representatives  of  the  species  of  birds,  reptiles,  amphibia  and  fishes  were  tested  in 
reproductive  rest  and  at  the  period  of  egg  formation  when  the  total  phosphorus  was 
observed  to  increase  by  200  to  600  per  cent.  The  protein  P,  serum  vitelhn,  which  is 
absent  altogether  or  is  present  only  in  small  traces  in  birds  and  reptiles,  increased  to 
9  to  23  mg.  per  cent  during  egg  formation,  and  in  fishes  it  increased  from  about  i  to 
10-18  mg.  per  cent.  Greenberg  and  associates  (10)  noted  that  inorganic  serum  P  is 
directly  correlated  with  the  increased  blood  Ca  values  found  in  laying  hens. 

Changes  in  blood  fat  in  relation  to  egg  production  are  so  marked,  and  so  related 
in  cause  and  chronology  to  the  changes  in  Ca  and  P,  that  they  require  consideration 
here.  In  Miescher’s  paper  of  1897,  already  cited,  it  was  stated  that  at  spawning  time 
the  salmon’s  blood  ‘is  richer  in  fatty  acids.’  The  few  tests  made  by  Lawrence  and 
Riddle  (12)  indicated  that  the  amount  of  alcohohether  soluble  substances  present  in 
the  plasma  of  laying  hens  is  nearly  double  that  found  in  cocks  and  non-laying  hens. 
In  the  whole  blood  of  laying  fowl  Warner  and  Edmond  (17)  found  5  to  6  times  more 
fat  than  in  the  blood  of  males  and  non-laying  females.  Riddle  and  Bums  (13)  reported 
significant  increases  in  total  blood  fat  and  phospholipin  of  ring  doves  at  2  to  3  days 
prior  to  ovulation.  Lorenz,  Entenman  and  Chaikoff  (18)  adequately  showed  the  marked 
but  variable  increase  in  the  lipid  concentration  of  the  blood  of  individual  hens  in  the 
egg-laying  state.  Values  from  925  to  4719  mg.  per  cent  were  thus  observed  instead 
of  approximately  460  mg.  per  cent  in  immature  hens.  The  increase  occurred  in  neutral 
fat,  phospholipid  and  free  cholesterol.'  A  similar  increase  in  the  serum  fat,  other  than 
phospholipid  of  doves  and  pigeons  has  been  obtained  by  Riddle,  Senum  and  Opdyke. 
A  graph  of  their  data  for  serum  fat  in  the  female  pigeon  is  shown  in  figure  i.  Male 
pigeons  and  doves  show  no  measurable  variations  in  serum  fat  in  the  reproductive 
cycle. 

The  action  of  estrogen  as  the  provocative  agent  for  increase  of  blood  Ca,  P  and 
fat,  may  now  be  briefly  reviewed.  Several  workers  have  recognized  that  changes  in 
these  three  blood  constituents  may  have  significance  in  relation  to  effects  of  estrogen 
on  bone.  In  1927  Riddle  (19)  noted  the  probabihty  that  the  ovarian  hormone,  which 
is  responsible  for  the  cychc  growth  of  the  oviduct  (fig.  i),  is  also  responsible  for  in¬ 
creases  of  Ca,  P  and  fat  at  the  egg-production  cycles  of  pigeons.  With  crude  ovarian 
and  pituitary  preparations  Shapiro  and  Zwarenstein  (20)  obtained  important  data 
on  the  toad  (Xenopus),  but  expressed  the  view  that  the  observed  effects  on  calcium 
metabolism  were  not  due  to  the  action  of  estrogen  in  the  one  case  nor  to  the  gonado¬ 
tropic  hormone  in  the  other.  Recently  Schrire  (21)  observed  that  progesterone  and 
estradiol  benzoate  cause  a  fall  in  plasma  inorganic  P  in  Xenopus.  Although,  gonadec- 
tomy  is  said  to  have  no  effect  on  this  fraction  in  male  and  female  frogs,  the  author  else¬ 
where  (22)  reports  that  inorganic  P  is  cyclically  diminished  during  the  breeding  sea¬ 
son,  when  Ca  is  increased.  Saviano  (23)  probably  obtained  a  significant  increase  in  the 
level  of  serum  calcium  in  two  dogs  with  estrogen,  estradiol,  and  perhaps  some  other 
early  reports  on  the  effectiveness  of  estrogens  in  mammals  are  equally  vaUd. 

In  1936  Riddle  and  Dotti  (24)  gave  a  preliminary  report  (only  fragments  of  their 
data  presented)  on  results  which  showed  that  estrogens  greatly  increase  and  andro¬ 
gens  do  not  measurably  increase  the  serum  Ca  of  male  and  female  birds;  and  they 
got  some  definite  evidence,  much  more  than  was  published,  of  much  smaller  effects 
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in  some  mammals.  Their  results  were  obtained  in  hypophysectomized,  in  thyroidec' 
tomized,  and  in  castrate  pigeons;  and  gonadotropic  hormone  was  likewise  effective 
in  normal  and  hypophysectomized  females  but  not  in  males.  Kyes  and  Potter  (25)  had 
already  noted  a  cyclic  ossification  of  the  red  marrow  of  the  long  bones  of  the  leg  of 
pigeons  coincident  with  the  maturation  of  ova,  and  our  own  studies  associated  the 
maturation  of  ova  with  changes  in  both  estrogen  and  blood  Ca.  Riddle  and  Dotti, 
therefore,  suggested  that  their  observations  probably  have  wide  applications  to 
problems  of  skeletal  growth  generally,  and  stated  as  follows: 

To  students  of  sex  difference  these  results  assist  a  comprehension  of  the  skeletal  and  mineral 
metabolism  differences  which  were  quite  inexplicable  so  long  as  the  'asexual'  thyroparathy- 


S.  0.  Normal  response  of  mature  dove  oviduct  and  response  to  5.0  mg.  estradiol  benzoate. 
half  of  the  upper  curve  describes  the  oviducal  enlargement  regularly  induced  by  the  estrogen 
normally  secreted  by  a  ring  dove  at  each  laying  cycle.  The  lower  curve  shows,  in  j  comparable  doves, 
the  average  amount  of  oviducal  enlargement  produ^  in  5  days  by  a  total  of  j.o  mg.  of  estradiol  benzoate 
in  oil  injected  intramuscularly  at  5,  3  and  1  day  before  autopsy  (see  text).  The  comparison  suggests  that 
these  ijo-gm.  birds  normally  secrete  very  large  quantities  of  estrogen  at  each  cycle. 


roid  apparatus  and  vitamin  D  (this  latter  being  chemically  related  to  the  sex  hormones) 
were  considered  the  prime  supervisors  of  the  utilization  and  deposit  of  lime.  Remembering 
the  more  prolonged  epiphyseal  growth  of  the  bones  in  human  castrates  the  anatomist  and 
anthropologist  may  also  give  consideration  to  the  circumstance  that  all  the  several  sex  cycles 
of  females  probably  involve  temporary  interruption  of  calcium  deposit  (actual  extraction  ?) 
in  the  bones,  and  perhaps  thus  account  for  a  lower  stature  in  sister  than  in  brother;  and 
again,  they  may  unite  this  and  a  further  fact — namely,  that  in  some  individuals  and  races 
these  sex  cycles  begin  earlier  than  in  others — to  assist,  even  if  slightly,  our  understanding 
of  the  complicated  problem  of  the  statural  differences  of  individuals  and  races. 

Additional  data  on  the  calcemias  induced  by  gonadotropin  in  female  birds,  and 
•  by  estrogens  in  variously  operated  male  and  female  birds  and  mammals  were  published 
a  year  later  (26). 

Pfeiffer- and  Gardner  (27)  observed  the  calcemia  which  follows  estrogen  adminis' 
tration  to  pigeons  and  utilized  it  in  a  study  of  simultaneous  changes  induced  in  bone. 
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Zondek  (28,  29,  jo)  made  similar  studies  in  the  fowl  and  there  observed  that  estro- 
gens,  including  diethylstilbestrol,  concurrently  produce  both  calcemia  and  lipemia  in 
normal  fowl.  Lorenz,  Chaikoff  and  Entenman  (31)  observed  the  lipemia'inducing 
effects  of  estrone  in  normal  immature  male  and  female  fowl.  Riddle  and  Senum  (32; 
and  unpublished  data  with  Opdyke)  observed  both  calcemic  and  lipemic  actions  of 
estrogens  in  hypophysectomized,  in  pancreatectomized  and  in  thyroidectomized  male 
and  female  pigeons.  Increased  Ca,  fat  and  Upoid  P  were  all  observed,  with  skeletal 
changes  after  estrogen  treatment  in  pigeons  by  Landauer,  Pfeiffer,  Gardner  and  Man 
(33);  increased  Ca  and  fat  in  sparrows  were  reported  by  Pfeiffer,  Kirschbaum  and 
Gardner  (34);  and  increased  Ca,  fat  and  inorganic  P  were  observed  in  drakes  by 
Landauer,  Pfeiffer,  Gardner  and  Shaw  (35).  In  the  latter  study  it  is  especially  notable 
that  a  doubling  of  the  inorganic  P  was  observed,  and  that  greater  increments  resulted 
from  higher  doses  of  estrogen.  Bloom,  Bloom  and  McLean  (36)  have  correlated  changes 
in  the  bone  marrow  of  laying  pigeons  with  the  Ca  changes  of  the  laying  cycle. 

The  writer  has  elsewhere  (37)  noted  that  some  investigators  (38,  39)  have  used 
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Fig.  3.  Comparative  effects  on  weights  of  undeveloped  oviducts  of  young  doves.  Doves  a 
months  old  were  injected  intramuscularly  daily  for  7  days  with  the  substances  and  quantities  noted; 
their  undeveloped  oviducts,  weighing  ao  mg.  responded  to  the  extent  shown  by  the  black  areas.  The 
essentially  specific  effect  of  the  estrogen  is  indicat^;  large  doses  of  androgens,  however,  exert  a  measuT' 
able  effect  (see  text). 

inadequate  dosage  in  studies  on  the  calcemiaunducing  action  of  estrogen  in  birds, 
particularly  in  fowl.  The  dosage  required  to  establish  a  calcemia  experimentally,  or 
to  develop  the  oviduct  within  the  time  the  bird  herself  does  so,  seems  large  in  terms 
of  rat  units,  but  it  is  probably  Uttle  if  at  all  in  excess  of  the  amount  formed  and  utilized 
by  birds  themselves  for  these  purposes.  In  figure  2  is  shown  the  curve  which  describes 
the  recurrent  enlargement  of  the  oviduct  of  the  ring  dove  at  each  laying  cycle  (upper 
curve) ;  beneath  it  is  shown  the  average  increase  of  weight  obtained  in  the  oviducts  of 
5  mature  doves  following  three  spaced  injections  of  i.o  mg.  of  estradiol  benzoate  in 
sesame  oil;  the  growth  indicated  was  obtained  in  5  days,  with  the  injections  made  at 
days  5,  3  and  i  before  the  end  of  the  test.  One  here  observes  that  in  doves  weighing 
only  150  gm.  a  total  of  3.0  mg.  of  estradiol  produced  only  one'half  of  the  weight  in- 
crease  which  is  induced  by  hormone  secreted  by  the  bird  herself  in  a  normal  cycle. 
It  is  notable,  however,  that  in  all  of  these  5  treated  doves  the  serum  Ca  exceeded  52 
mg.  per  cent.  In  some  respects,  of  course,  perhaps  in  all  respects,  hormone  injected 
in  oil  is  less  efficiently  utilized  than  is  that  produced  physiologically.  The  weight  of 
the  oviducts  of  the  5  treated  birds  at  beginning  of  treatment  was  assumed  to  be  that 
obtained  from  7  controls;  these  controls  (Uke  the  5  tests)  were  known  to  be  in  a  ‘rest' 
ing  stage,’  all  were  separated  simultaneously  from  their  male  mates,  injected  thrice 
with  saline  and  killed  simultaneously  with  the  estrogen'treated  group. 

It  is  useful  to  note  here  the  slight  but  measurable  abiUty  of  androgens  to  affect 
oviducal  growth.  Figure  3  gives  the  result  of  some  tests  made  by  Riddle  and  Lahr 
on  the  infantile  oviducts  of  ring  doves  at  about  2  months  after  hatching.  It  will  be 
seen  that  1.5  mg.  of  either  testosterone  or  dehydroandrosterone  displays  a  measurable 
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estrogenic  action  on  the  oviduct;  oviducal  weight  was  increased  from  20  to  67  and 
68  mg.  in  these  tests.  Although  this  estrogenic  effect  of  male  hormone  is  too  small  to 
measure  in  terms  of  an  increase  of  serum  calcium  (the  average  value  from  the  3  doves 
treated  with  estradiol  benzoate  was  18.0  mg.  per  cent)  it  might,  when  combined  with 
a  sub'threshold  dose  of  estrogen,  appreciably  affect  bone  formation  either  in  an  addi- 
tive,  or  perhaps  in  the  synergistic,  way  recently  suggested  by  Bloom,  McLean  and 
Bloom  (40). 

Further  reference  should  now  be  made  to  evidence  for  the  existence  of  alternating 
periods  of  effectiveness  and  of  ineffectiveness  of  estrogen  and  gonadotropin  in  in' 


Fig.  4.  Blood  fat  in  adult  female  doves  injected  daily  with  pregnant  mare  serum.  One  female 
was  inject^  with  2  units  daily  for  155  days.  She  had  previously  laid  6  pairs  of  eggs,  the  last  5  without 
a  male  mate.  Treatment  with  the  pregnant  mare  serum  was  started  on  the  same  day  that  she  ovulated  the 
first  yolk  of  a  pair;  no  second,  or  later,  egg  was  laid.  Weight  of  ovary  at  death,  130  mg.;  diameter  of 
largest  ovum,  2.0  mm.  Under  uniform  dosage,  both  fat  and  calcium  alternated  between  high  and  low 
values.  The  other  female  was  injected  with  8  units  daily  for  37  days.  Previously  she  had  laid  only  one 
pair  of  eggs,  and  failed  to  lay  after  isolation  from  mate;  her  ovary  was  probably  wholly  inactive  (weight, 
100  mg.  at  killing  and  largest  ovum,  2.0  mm.)  at  the  beginning  of  treatment.  The  greatly  reduced  oviducts 
(190  and  yy  mg.)  of  these  birds  at  the  end  of  prolonged  treatment  show  that  estrogen  was  no  longer 
being  secreted  (data  of  Riddle  and  Opdyke). 

creasing  the  blood  fit  and  Ca  of  pigeons  (32)  and  the  serum  Ca  of  fowl  (41).  In  figure 
4  one  may  observe  such  alternating  periods  in  the  case  of  both  serum  fat  and  Ca  in 
ring  doves  treated  daily  with  mare  serum.  In  general,  high  or  low  values  for  the  one 
constituent  is  accompanied  by  high  or  low  values  for  the  other.  An  exact  parallelism 
should  perhaps  not  be  expected  since,  in  the  laying  cycle,  the  peak  for  serum  fat 
precedes  that  for  Ca  by  about  two  days  (fig.  i). 

Figure  5  shows  the  fluctuations  of  serum  fat  and  (Ha  observed  by  Riddle  and  Op- 
dyke  in  immature  male  and  female  pigeons  subjected  to  29  daily  doses  of  estrone.  A 
pellet  of  estrone  was  implanted  in  each  bird  as  a  further  means  of  assuring  a  continu' 
ous  dosage.  In  our  own  data  and  in  the  data  of  others  we  find  it  difficult  to  disregard 
the  evidence  that  large  fluctuations  actually  do  occur,  and  if  this  is  true  the  full  extent 
'of  the  fluctuations  are  not  likely  to  have  been  revealed  by  the  relatively  infrequent 
blood  sampling  which  we  and  others  have  made  on  our  test  animals. 

The  point  last  considered  has  clear  bearing  on  the  degree  of  significance  we  may 
attach  to  frequent  failures  to  observe  increases  in  the  blood  Ca  of  mammals  following 
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estrogen  administration.  Certainly  the  mammal  regulates  its  blood  Ca  more  efFec' 
tively,  and  within  much  narrower  limits,  than  does  the  bird;  but  if  recurrent  periods  of 
estrogenic  ineffectiveness  exist  even  in  birds  it  becomes  especially  necessary  to  test 
mammalian  blood  at  numerous  periods  following  dosage,  as  well  as  under  various 
levels  of  dosage;  and  in  such  blood  one  truly  valid  increase  may  have  a  greater  signifi' 
cance  than  a  dozen  failures  to  show  an  increase.  We  now  know  that  estrogen  does, 
directly  or  indirectly,  affect  mammalian  bone;  and  the  Ca  and  P  of  that  bone  can  only 
come  from  or  return  to  the  blood.  The  shells  of  birds’  eggs  are  wholly  irrelevant  to 


Fig.  5.  Effects  of  i.o  mg.  daily  (+pellet)  estrone  on  plasma  pat  and  calcium  in  pigeons,  7 
TO  II  WEEKS  OLD.  Periodic  fluctuations  of  plasma  fat  and  calcium  in  young  male  and  female  pigeons  under 
constant  daily  dosage  with  estrone  (data  of  Riddle  and  Opdyke). 


this  question  of  an  action  of  estrogen.  The  male  bird  produces  no  egg  shell,  and  female 
fish  and  toads  also  produce  none;  but  after  administration  of  estrogen  all  of  them,  with 
the  sole  exception  of  the  cartilaginous  shark,  temporarily  add  to  the  Ca  and  P  store 
of  their  blood. 

SUMMARY 

The  state  and  development  of  present  knowledge  concerning  changes  in  blood 
calcium,  phosphorus  and  fat,  as  these  occur  in  relation  to  growth  of  ova  and  to  estrO' 
gen  production  in  egg-laying  vertebrates,  is  reviewed. 

Five  items  of  original  data  are  presented  in  5  graphs.  Two  mature  female  doves 
maintained  under  constant  daily  dosage  of  pregnant  mare  serum  for  37  and  155  days, 
and  4  immature  male  and  female  pigeons  injected  daily  with  i  mg.  of  estrone  for  29 
days,  showed  significant  but  unexplained  periodic  fluctuations  in  serum  calcium  and 
fat. 
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At  each  period  of  egg  production  in  the  pigeon  the  serum  fat,  less  phosophatides, 
increases  from  about  470  mg.  per  cent  to  a  maximum  of  about  2900  mg.  per  cent  at 
60  hours  preceding  the  ovulation  of  the  first  egg. 

It  is  found  that  although  the  oviduct  in  immature  ring  doves  responds  to  estrogens 
in  an  essentially  specific  manner,  it  also  gives  a  measurable  response  to  androgens 
when  more  than  i.o  mg.  daily  is  administered. 

In  adult  ring  doves  the  injection  of  3.0  mg.  of  estradiol  benzoate,  in  three  doses 
over  a  5'day  period,  gave  only  one^half  as  much  oviducal  hypertrophy  as  occurs  at  a 
normal  egg'producing  cycle.  This  result  indicates  that  these  birds  produce  relatively 
huge  quantities  of  estrogen  at  each  cycle,  and  large  amounts  of  estrogen  are  probably 
utilized  by  other  egg-laying  vertebrates  in  the  cyclic  increase  of  their  blood  calcium, 
phosphorus  and  fat. 

The  probable  basis  for  numerous  failures  to  observe  an  increase  in  serum  calcium 
following  administration  of  estrogen  to  mammals  is  discussed. 
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METABOLISM  OF  ESTRONE  IN  MEN  AND 
NON'PREGNANT  WOMEN' 


GREGORY  PINCUS  and  W.  H.  PEARLMAN 
From  the  Physiological  Laboratories,  Claris  University 

WORCESTER,  MASSACHUSETTS 

The  low  concentration  of  urinary  estrogens  in  the  urine  of  men  and  non- 
pregnant  women  and  the  presence  of  large  amounts  of  inactive  phenoUc  ma' 
terials  has  rendered  difficult  the  identification,  by  isolation,  of  the  nature  of  the 
estrogenic  compounds  present.  Dingemanse  et  al.  (i)  have  isolated  estrone  from  the 
ketonic  fraction  of  normal  male  urine.  Heard  and  Hoffman  (2)  isolated  estrone  from 
the  weak  phenolic  ketonic  fraction  of  the  urine  of  a  young  man  after  a-estradiol  ad' 
ministration  and  recovered  a'estradiol  from  the  weak  phenolic  non-ketonic  fraction 
of  the  same  urine.  We  have  recently  reported  the  isolation  of  estriol  from  the  urine  of 
human  males  injected  with  estrone  (3).  The  labor  and  difficulty  of  such  isolation 
studies  should  not,  however,  prevent  the  determination,  particularly  in  estrogen 
metabolism  studies,  by  less  direct  methods  of  the  presumed  urinary  content  of  the 
three  native  estrogens.  Procedures  are  available  for  separating  the  phenolic  materials 
of  urine  into  three  major  fractions  which  should  contain  principally  estrone,  estradiol, 
and  estriol,  respectively.  Certain  fractionations  have  been  employed  by  Smith  and 
Smith  (4)  with  urine  of  non-pregnant  women.  We  have  also  (5)  conducted  similar  and 
more  extended  fractionations  of  the  urine  of  cancerous  and  non'cancerous  men  and 
women.  In  this  paper  we  shall  present  further  evidence  as  to  the  applicability  of 
these  methods  by  comparing  the  physical  and  chemical  properties  of  the  urinary  estro' 
gens  with  those  of  representative  crystalUne  estrogens.  On  the  basis  of  these  methods 
we  present  data  indicating  the  nature  of  the  estrogenic  material  excreted  into  urine 
after  the  administration  of  estrone.  Isolation  studies  indicate  the  possibility  of  species 
differences  among  mammals.  Thus,  estrone  injected  into  rabbits  was  recovered,  in 
part,  as  /3'estradiol  (6,  7).  The  major  part  of  the  activity  of  non'ketonic  weak  phenolic 
fraction  of  the  urine  of  young  men  injected  with  estrone  must  be  attributed  to 
a'estradiol  (3).  Similarly  jS'estradiol,  which  has  a  low  estrogenic  activity,  may  not 
entirely  account  for  the  relatively  high  activity  found,  after  the  administration  of 
estrone,  in  the  urine  of  the  monkey  (8),  the  dog  (9, 10)  and  woman  (4).  The  failure  of 
Marker  and  Hartman  (ii)  to  isolate  non'ketonic  estrogen  after  the  injection  of  massive 
doses  of  estrone  into  a  pregnant  monkey  does  not  necessarily  indicate  the  absence  of 
such  compounds;  the  amounts  present  may  have  been  insufficient  for  isolation  by  the 
methods  they  employed. 

experimental  procedures 

Subjects.  The  persons  selected  for  study  were  non'Cancerous  hospitalized  patients 
with  no  apparent  endocrine  pathology;  they  were  chosen  as  a  suitable  group  for  a 
cancer  study.  The  number  and  types  of  patients  employed  are  presented  in  table  i. 
Collection,  hydrolysis,  and  extraction  of  urine.  A  24'hour  specimen  was  collected 
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before  injection  and  a  48'hour  specimen  after  the  intramuscular  injection  of  2  mg.  of 
estrone  dissolved  in  sesame  oil.  A  maximum  of  4  such  injections  at  48'hour  intervals 
was  given  to  any  single  patient.  The  total  amount  of  estrogen  administered  to  the 
patients  of  each  group  is  given  in  table  2.  The  urine  was  preserved  with  toluene,  and 
hydrolized  within  48  hours  of  collection  by  boiling  with  15  per  cent  concentrated 
HCl  (by  volume)  for  10  minutes.  Ethyl  ether  was  used  to  extract  the  rapidly  cooled 
hydrolysate. 

Fractionation  procedures.  A  flow  sheet  showing  the  fractionations  used  is  given. 
The  ‘weak’  and  ‘strong’  phenolic  fractions  were  made  on  individual  urine  samples  and 
were  evaporated  to  dryness.  After  all  collections  were  completed  the  weak  and 
strong  phenolic  fractions  were  pooled  and  subjected  to  further  fractionation. 


Flow  sheet  i.  Fractionation  procedures 


The  ‘weak’  and  ‘strong’  phenols  were  obtained  by  the  method  of  Cohen  and  Mar' 
rian  (12)  with  the  modification  that  the  alkali  partitioning  is  preceded  by  washings  of 
the  ether  extract  with  a  saturated  solution  of  NaHCOa  plus  Na2C03  followed  by 
several  washings  with  a  saturated  solution  of  NajCOs.  These  washings  effectively 
serve  to  remove  urinary  acids.  Further  purification  was  accompUshed  by  extracting 
benzene  solutions  of  the  phenols  twice  with  equal  volumes  of  o.jm  sodium  carbonate. 
'  Hufiinan  et  al.  found  such  partitioning  useful  in  separating  estriol  from  the  a'estradiol 
extracts  of  human  pregnancy  urine  (13)  and  of  the  placenta  (14).  Mather  had  previ' 
.  ously  determined  the  partition  ratios  between  these  solvents  for  certain  crystalline 
estrogens  (15).  Mather  has  also  found  similar  partition  ratios  when  crystalline  estro¬ 
gens  are  added  to  crude  urine  extracts  (private  communication).  Bachman  and  Pettit 
(16)  have  applied  this  partitioning  routinely  to  pregnancy  urines  and  we  (5)  have  used 
it  with  various  non-pregnancy  urine  extracts. 
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The  ketone  separations  were  made  on  the  benzene-soluble  (NajCXDs'insoIuble) 
fraction  of  the  weak  phenols  using  the  method  of  Girard  and  Sandulesco(i7);  employ' 
ing  Girard’s  reagent  T,  Westerfeld  and  Doisy  (7)  have  shown  that  this  method  effects 
a  quantitative  separation  of  micro  amounts  of  ketonic  and  non'ketom’c  estrogens  added 
to  urine  extracts. 

Succinic  anhydride  has  been  extensively  employed  to  remove  hydroxylated 
steroids  from  non'hydroxylated  material;  the  hydroxylated  substances  react  to  form 

Table  i.  Number  and  types  of  patients  contributing  to  the  urine  pools 


Sex 

Number 
of  Patients 

Age  Range, 

yr- 

Mean 
Age,  yr. 

Types  of  Pathology* 

Male 

8 

33-63 

44-4 

Lobar  pneumonia,  i;  hypertension,  3;  osteomyelitis,  i; 
progressive  muscular  dystrophy,  1 ;  atrophic  arthritis, 
i;  dermatitis,  i 

Female 

13 

16-66 

46.4 

Lobar  pneumonia,  2;  cholecystitis,  2;  hypertension,  2; 
rheumatic  fever,  2;  arteriosclerosis,  i;  angina  pectoris, 
i;  ulcerated  foot,  i;  phlebitis,  1;  benign  aMominal 
tumor,  I 

'  Number  of  cases  involved  in  each  type  of  disease. 


Table  2.  Estrogenic  activity  of  the  three  principal  urine  fractions 


1 

2 

3 

4 

5 

.6  . 

7 

8 

Amount 

1  Weak  Phenols  1 

Ratio  of 

Ratio  of 

Source 

of  Estrone 

Volume 

Strong  Phenols 

Ketonic 

‘estrone’ : 

of 

AdminiS' 

of  Urine 

Ketonic, 

Non-ketonic, 

(0.3M  N32CO3) 

and  Non- 

‘estriol’: 

Urine 

tered. 

Collected, 

estrone 

estradiol 

estriol 

Ketonic 

‘estradiol’ : 

mg. 

liters 

R.u./liter 

R.u./liter 

R.u./liter 

Titers* 

titers 

o' 

none 

13-85 

2.36±o.55 

3.18+0.21 

1.11  +  0.23 

1:1.8 

1:0.47:1.35 

O' 

40.0 

37-71 

9.50+1.97 

12.45+0.79 

10.80+2.68 

1:2.5 

1:1.14:1.31 

9 

none  1 

11.87 

3.74+0.91 

5-45+0.55 

3.01+0.65 

1:2.3 

1:0.80:1.46 

9 

64.0 

46.70 

12.01±2.84 

20.25+1.43 

14-31  +  3-82 

1:2.9 

1 

1:1.19:1.69 

*  Non-ketonic  fractions  are  taken  as  the  sum  of  figures  in  column  y  plus  column  6. 


half-esters  of  succinic  acid.  Peculiarly  enough,  the  hydroxyl  group  in  the  ben?enoid 
ring  of  estrone  will  not  participate  in  this  reaction  but  auxiliary  hydroxyl  groups  in 
the  non'benzenoid  rings  will,  as  in  a'estradiol  or  estriol.  This  reagent  and  also  phthalic 
anhydride  have  found  commercial  application  in  the  extraction  and  purification  of 
estrogenic  hormones  of  pregnancy  urine  (18).  In  the  examples  given  below,  the  prO' 
redures  followed  were  those  employed  in  the  quantitative  separation  of  micro  amounts 
of  neutral  steroids  (19). 

1.  Sixty'six  mg.  of  a'estradiol  yielded  86  mg.  of  crude  material  in  the  acid  fraction; 
the  theoretical  value,  if  a  monoester  had  formed,  would  have  been  90  mg.  Repeated 
recrystallization  from  aqueous  methanol  yielded  a  product,  melting  at  i65-i66°C.  if 
finely  powdered;  this  substance  exhibits  peculiarities  of  the  melting  point,  under  dif- 
ferent  physical  conditions.  The  carbon,  hydrogen  analysis  clearly  indicated  that  only 
one  of  the  hydroxyl  groups  had  undergone  esterification. 

p.  u  p.  C  calculated,  70.94  found  70.42 

*****  H  calculated,  7.58  found  7.60 

2.  If  phthalic  anhydride  is  substituted  for  succinic  anhydride  in  this  reaction,  a 
more  suitable  derivative  is  obtained  in  practically  quantitative  yields.  From  ethanol, 
prisms  were  obtained,,  m.p.  238-239°C.  Analysis  Ukewise  indicates  a  monoester. 
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CjoHmOj 


C  calculated,  74.27 
H  calculated.  6.71 


found  73.87 
found  6.94 


3.  Estriol  (53  mg.),  when  treated  with  succinic  anhydride  yielded  92  mg.  of  a 
colorless  oil  in  the  acid  fraction  which  could  not  be  induced  to  crystallize;  the  theoretic 
cal  value  if  a  diester  had  formed  would  have  been  89  mg. 

4.  Similar  treatment  of  estrone  with  either  succinic  anhydride  or  phthalic 
anhydride  did  not  result  in  the  formation  of  esters.  The  estrone  was  recovered  in 
practically  quantitative  amounts. 

Table  3  shows  that  succinic  anhydride  can  be  used  to  effect  quantitative  separa' 
tion  of  micro  amounts  of  estrogens.  Hydrolysis  of  the  succinic  acid  esters  was  carried 
out  at  room  temperature  for  24  hours  with  5  per  cent  KOH  in  90  per  cent  methanol; 
the  solution  was  then  diluted  with  water,  acidified  to  Congo  red  with  dilute  HCl  and 


Table  3  A.  Partitioning  between  solvents  of  crystalline  estrogens 


Crystalline 

Estrogens 

Amounts 

Used, 

Mg. 

Per  Cent  of  Total 
Activity  in 

How  Measured 

Reference 

Benzene  o.3MNa/X>i 

A.  Benzene  and  0.3U  NuiCOt 

460 

99.6  0.4 

By  bioassay 

Mather  (ly) 

Estrone 

100-300 

100. 0^  0.0 

Colorimetrically 

Bachman  and  Pettit  (16) 

igo 

97.6  2.4 

By  bioassay 

Mather  (15) 

o'Estradiol 

100-300 

98. 0.0 

Colorimetrically 

Bachman  and  Pettit  (16) 

1100 

2.4  97.6 

By  bioassay 

Mather  (ly) 

Estriol 

100-300 

2.0^  98.0 

Colorimetrically 

Bachman  and  Pettit  (16) 

400 

2.0*  98.0 

By  bioassay 

Pincus  and  Pearlman 

B.  Benzaie  and  70%  alcohol 


Per  Cent  of  Total 
Activity  in 


Benzene  70%  Alcohol 


Estrone 

6yo 

75-0 

25.0 

By  bioassay 

Westerfeld  et  al.  (22) 

412 

72.  y 

27.5 

By  bioassay 

Pincus  and  Pearlman 

a'Estradiol 

63 

50.0 

50.0 

By  bioassay 

Westerfeld  et  al.  (22) 

41 

52.0 

48.0 

By  bioassay 

Pincus  and  Pearlman 

Estriol 

400 

13.2 

86.8 

By  bioassay 

Pincus  and  Pearlman 

*  Partitioned  between  benzene  and  9%  Na^COj. 

•  Partitioned  between  benzene  and  concentrations  of  Na/X)i  ranging  from  0.09%  and  9%. 
’  Two  partitions  between  equal  volumes  of  solvents. 


extracted  with  ether  to  recover  the  free  estrogen.  An  effective  check  on  the  efficiency 
of  the  ketone  separations  can  be  obtained  by  the  use  of  the  succinic  anhydride  reagent. 
In  addition,  the  ketonic  fraction  can  be  explored  for  the  possible  presence  of  ketonic 
estrogens  other  than  estrone,  such  as  6'keto  a^estradiol  (20)  and  7'hydroxy'estrone 
(21).  Considerable  enrichment  of  activity  was  also  observed,  especially  in  the  weak 
phenolic  ncMi'ketonic  fraction,  following  the  application  of  this  reagent. 

The  partition  ratios  of  several  crystalline  estrogens,  involving  the  distribution  of 
.  these  between  equal  volumes  of  benzene  and  70  per  cent  alcohol,  have  been  previously 
determined  (22).  The  values  for  estrone  and  a-estradiol  were  checked  in  this  labora' 
tory  and  the  partition  ratio  for  estriol  (not  previously  reported)  was  determined. 

All  fractions  were  tested  for  estrogenic  activity  by  assay  on  spayed  female  rats  by 
a  method  previously  described  (5). 
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RESULTS 

In  table  2  we  present  the  data  on  the  estrogenic  activity  of  the  3  principal  urine 
fractions  obtained  from  the  pools  of  prednjection  and  post-injection  extracts.  They 
demonstrate  a),  that  the  titer  (per  liter)  of  each  fraction  is  greater  in  the  prednjection 
extracts  of  women’s  urines  than  in  the  corresponding  fractions  of  men’s  urine;*  b),  that 
there  is  a  dehnite  and  statistically  significant  increase  in  estrogenic  activity  in  each  of 
the  fractions  after  estrone  injection  (columns  4,  5,  and  6);  c),  that  the  proportion  of 
non-ketonic  materials  increases  after  estrone  injection  (column  7);  d),  that  this  relative 
increase  in  the  activity  of  non-ketonic  materials  occurs  most  obviously  in  the  strong 
phenolic  (estriol)  fraction,  especially  in  the  men  (column  8).  We  take  the  activity  of 
the  strong  phenolic  material  as  non-ketonic  because  we  have  shown  previously  (5)  that 
the  strong  phenols  are  non-ketonic  and  partition  between  0.3M  Na2(X)3  and  benzene, 
as  we  would  expect  estriol  to  partition. 

We  have  tried  to  determine  the  extent  to  which  the  materials  of  these  three 
principal  phenolic  fractions  may  be  considered  as  estrone,  estradiol,  and  estriol.  Two 


Table  jB.  Partitioning  between  solvents  of  certain  posT'Injection  urine  extracts 


Post-injection  Urine  Fractions 

Per  Cent  of  Total 
Activity  in 

Total  Ac¬ 
tivity  Before 
Partitioning 
R.u. 

Total  Ac¬ 
tivity  After 
Partitioning 
R.U. 

Benzene  o.jM  Na2COj 

Weak  phenolic,  male 

Weak  phenolic,  female 

Strong  phenolic,  male 

Strong  phenolic,  male  1st  o.jM  Na^Oj 

Procedure  A 

93.2  6.8 

89.0  II. 0 

11. 1  88.9 

'<  2  >98.0 

407 

981 

1695 

458 

521 

Procedure  B 

Per  Cent  of  Total 
Activity  in 

Benzene  70%  Alcohol 

Weak  phenolic  benzene-soluble  ketonic, 
female 

71.6 

28.4 

561 

526 

Weak  phenolic  benzene-soluble  non- 

ketonic,  male 

51.6 

48.4 

370 

322 

Strong  phenoUc  2nd  0.3M  NajCOa,  male 

15-4 

86.6 

521 

403 

Strong  phenolic  ist  0.3M  NajCOj,  female 

14.6 

85.4 

667 

997 

procedures  have  been  followed:  a),  partitioning  between  solvents  and  b)  separation 
into  alcoholic  and  non-alcoholic  fractions.  The  urine  extracts  employed  have  been 
from  post-injection  specimens  since  the  larger  titers  make  bioassay  more  accurate. 

The  data  on  the  solvent  partitions  are  presented  in  table  3.  Concerning,  the  crys- 
talhne  estrogens  it  can  be  seen  that  the  data  for  the  benzene:  0.3M  NajCOs  partitions 
of  estrone  and  a-estradiol,  as  given  by  Mather  (15)  and  Bachman  and  Petit  (16)  agree 
remarkably.  We  have  rechecked  the  estriol  partitioning  since  the  urine  extracts  of  our 
material  were  partitioned  twice  between  these  solvents.  The  partitioning  of  estriol 
between  benzene  and  70  per  cent  alcohol  has  not  been  previously  reported;  the  400 
R.u.  we  used  went  chiefly  (86.8%)  into  70  per  cent  alcohol.  We  employed  in  our 
studies  amounts  of  crystalline  estrogen  having  activities  roughly  comparable  to  those 
observed  in  our  principal  post-injection  fractions. 

*  The  difference  between  the  males  and  females  is  statistically  significant  in  the  case  of  the  'estradiol' 
and  'estriol'  fractions,  and  not  quite  as  significant  for  the  'estrone'  titers. 
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When  the  data  on  the  post'injection  urine  fractions  are  considered  it  is  obvious 
that  as  fractionation  proceeds  the  urinary  extracts  partition  exactly  like  the  cor¬ 
responding  crystalline  estrogens.  The  activity  of  the  weak  phenolic  fractions  of  both 
men  and  women  goes  principally  (93.2%  and  89.0%,  respectively)  into  benzene  in 
the  benzene:  o.jm  NaiCOs  partitioning.  The  activity  remaining  in  the  0.3M  NaiCX^a 
solution  may  be  attributed  either  to  a  less  efl&cient  partitioning  with  crude  urine 
extracts  or  to  the  possibility  that  the  procedure  of  Cohen  and  Marrian  segregates  a 
limited  amount  of  material  that  is  neither  estradiol  nor  estrone  into  the  weak  phenolic 
fraction.  The  latter  alternative  appears  most  likely  since  Cohen  and  Marrian  (12)  have 
presented  evidence  that  small  amounts  of  estriol  partition  into  their  weak  phenolic 
fractions.  This  probability  is  rendered  more  likely  when  we  examine  the  data  on  the 
strong  phenolic  material.  The  o.in  NaOH  (strong  phenol)  fraction  of  the  male  urine 
shows  88.9  per  cent  of  the  activity  in  the  0.3M  NajCOs  extract  whereas  if  it  contained 
only  estriol,  98  per  cent  should  be  present.  When  a  second  benzene :  Na2C03  partition 


Table  4.  Separation  of  crystalline  estrogens  and  urine  fractions  into  alcoholic  and 

NON'ALCOHOLIC  FRACTIONS  AFTER  TREATMENT  WITH  SUCCINIC  ANHYDRIDE 


Crystalline  Estrogens 

Per  Cent 
Alcoholic 

Per  Cent 
Non¬ 
alcoholic 

Amounts  Used 

How 

Determined 

Estrone 

50 

95.0 

50  to  300  micrograms 

Colorimetrically^ 

a-Estradiol 

95.0 

50 

50  to  300  micrograms 

Colorimetrically* 

Estriol 

92.7 

<1.0 

390  micrograms 

By  bioassay 

Post-injection  urine  fractions 

Total  Activity  Be¬ 
fore  Fractionation, 
R.u. 

Total  Activity 

After  Fractiona¬ 
tion,  R.U. 

1  Weak  phenolic  benzene-soluble-ke- 

tonic,  male 

9-5 

90.7 

444 

407 

Weak  phenolic  benzene-soluble,  non- 
ketonic,  male 

98.4 

1.6 

469 

376 

Strong  phenolic,  0.3M  Na^Oi  sol¬ 
uble,  70%  alcohol  partition,  female 

.99- 1 

0.9 

851 

893 

*  Using  the  Kobcr  reaction  and  checking  with  the  Zimmerman  reaction. 

*  Using  the  Kobcr  reaction. 


was  performed  on  the  o.jm  NajCOa  fraction  more  than  98  per  cent  of  the  activity  re¬ 
mained  in  the  Na2C03.  The  implication  is  clear  that  the  separation  by  the  procedure 
of  Cohen  and  Marrian  is  not  quite  quantitative.  On  the  basis  of  the  activities  ob¬ 
served  we  can  calculate  that  about  16  per  cent  of  the  estriol  goes  into  the  weak 
phenolic  fraction,  and  about  6  per  cent  of  the  weak  phenols  goes  into  the  strong 
phenolic  fraction  in  the  modified  Cohen  and  Marrian  procedure. 

The  benzene:  70  per  cent  alcohol  partitionings  of  the  urine  extracts  result  in  the 
segregation  of  activity  very  much  like  that  obtained  with  the' corresponding  crystal¬ 
line  estrogens.  In  no  case  are  the  observed  ratio  differences  statistically  significant.  The 
total  titers  obtained  before  and  after  the  partitioning  agree  within  the  limits  of  error 
except  for  the  0.3M  Na^Os  (strong  phenolic)  fraction  of  the  women’s  urine  wherein 
the  increase  from  667  to  997  r.u.  is  statistically  significant.  This  would  indicate  that 
the  partitioning  served  to  remove  materials  inhibitory  to  the  activity  of  estriol.  In 
our  previous  paper  (5)  we  presented  evidence  that  the  urine  of  non-cancerous  women 
contains  such  inhibitory  material  whereas  the  urines  of  non-cancerous  men  do  not. 

In  table  4  we  present  data  on  the  application  of  the  alcohol  separation  (succinic 
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anhydride  treatment)  to  crystalline  estrogens  and  to  certain  of  the  urine  fractions. 
These  data  demonstrate  a),  that  estrone  segregates  as  a  non-alcoholic  substance  and 
estriol  and  estradiol  as  alcohols;  b),  that  a  loss  of  about  7  per  cent  of  the  estriol  occurs; 
c),  that  the  3  urine  fractions  tested  behave  as  though  they  contain  estrone,  estradiol 
and  estriol,  respectively.  The  differences  between  the  model  separations  and  those 
obtained  with  urine  extracts  are  not  significant,  nor  are  the  total  titers  observed 
before  and  after  partitioning. 

DISCUSSION 

The  data  of  this  paper  demonstrate  a  close  resemblance  in  physical  and  chemical 
properties  of  the  estrogenic  materials  of  the  three  principal  urine  fractions  and  those 
of  the  presumed  corresponding  crystalline  estrogens.  Our  recent  report  (3)  of  the  iso¬ 
lation  and  identification  of  estriol  from  the  strong  phenolic  fraction  of  urines  of  healthy 
young  men  after  the  injection  of  estrone  strongly  indicates  the  identity  of  the  estriol 
fraction;  data  on  the  non-ketonic  weak  phenolic  material  show  that  nearly  all  of  the 
activity  must  be  attributed  to  a-estradiol  (3). 

By  subtracting  the  pre-injection  titers  from  the  post-injection  titers  we  can  calcu¬ 
late  the  amounts  of  injected  material  excreted  as  estrone,  a-estradiol  and  estriol.  These 
data  are  presented  in  table  5.  It  should  be  noted  there  are  no  very  remarkable  dif- 


Table  5.  Calculated  amounts  of  injected  estrogen  recovered  in  the  various  i-ost-injection  urines 


‘Estrone’ 

As  %  of 

‘Estradiol’ 

As  %  of 

‘Estriol’ 

As  %  of 

Urine 

Recovered, 

Estrone 

Recovered, 

Estrone 

Recovered, 

Estrone 

mg. 

Injected 

mg. 

Injected 

mg. 

Injected 

Male 

0.169 

0.67 

0.041 

O.Il 

0.365 

0.91 

Female 

0.  j86 

0.57 

0.083 

0.12 

0.518 

0.79 

ferences  between  men  and  women.  The  estrogens  are  distributed  in  similar  fashion 
between  the  three  principal  urine  fractions;  the  percentage  of  injected  estrogen  re¬ 
covered  is  less  than  2  per  cent  in  both  sexes.  On  this  weight  basis  a  larger  proportion 
goes  to  estriol  than  to  estradiol.  The  lack  of  marked  differences  between  the  men  and 
the  women  cannot,  we  believe,  be  generalized  as  our  subjects  were  sick  persons  of  both 
sexes  and  most  of  the  women  past  the  menopause.  The  age  and  condition  of  the  pa¬ 
tients  may  account  for  the  low  recoveries  of  injected  material.  Recovery  of  estriol  in 
comparable  experiments  with  younger  women  were  1.7  to  1.8  per  cent  (4,  23)  com¬ 
pared  with  0.8  per  cent  in  these  experiments. 

The  calculable  data  in  the  literature  (2)  indicate  that  in  human  subjects  90  per  cent 
or  more  of  injected  estrogen  is  not  recovered  in  the  urine  as  active  material.  Only 
slight  amounts  of  injected  estrogen  are  excreted  into  the  feces  (24,  25).  Doisy  (26)  is 
of  the  opinion  that  a  certain  proportion  of  the  excreted  estrogen  is  destroyed  by  the 
usual  methods  of  hydrolysis,  but  according  to  Smith  and  Smith  (27)  this  amounts  to 
no  more  than  20  to  30  per  cent  of  that  originally  present.  Heard  and  Hoffman  (2)  are 
of  the  opinion  that  the  estrogens  are  destroyed  in  vivo  as  phenols  presumably  by  a 
Uver  phenolase.  When  the  phenolic  ring  is  protected  (e.g.  by  benzoylation)  estrogen 
inactivation  is  reduced  in  vitro  (28)  and  in  vivo  (29).  Cantarow  et  al.  (30)  claim  that  an 
enterohepatic  circulation  of  estrogens  (in  the  dog)  may  account  for  most  of  the  ap¬ 
parent  estrogen  inactivation.  Their  data  are  in  disagreement  with  those  of  Longwell 
and  McKee  (10)  who  recovered  1.3  to  8  per  cent  of  injected  estrogen  in  dog  bile.  The 
question  of  the  fate  of  the  major  portion  of  injected  estrogen  requires,  therefore,  fur- 
tiler  investigation. 
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SUMMARY 

The  estrogen  titers  of  three  principal  phenolic  fractions  of  the  pooled  urines  of  8 
male  and  13  female  patients  were  determined  before  and  after  injection  of  estrone. 
These  fractions  were  a),  the  ‘strong’  phenolic,  b),  the  ‘weak’  phenolic  non^ketonic 
and  c),  the  ‘weak’  phenolic  ketonic.  By  the  application  to  such  fractions  of  certain 
partitionings  between  solvents  and  an  alcoholic  separation  (succinic  anhydride),  evi' 
dence  was  obtained  that  the  three  principal  urine  fractions  behave  as  though  they 
contain  estriol,  estradiol,  and  estrone,  respectively.  After  the  injection  of  estrone 
the  titer  of  all  three  fractions  increased.  The  calculated  recoveries  indicate  a  con^ 
version  of  the  injected  estrone  principally  to  estriol,  but  also  to  estradiol.  Less  than 
2  per  cent  of  the  injected  estrogen  could  be  accounted  for  by  the  increased  urinary 
excretion.  Although  the  female  patients  have  higher  pre^injection  urinary  titers  than 
the  male  patients  the  calculated  recoveries  of  injected  estrogens  show  no  marked 
differences  between  the  sexes. 

We  should  like  to  acknowledge  the  kind  assistance  of  Miss  Mary  R.  Jones  and  Mr.  Alfred  Rondeau. 
Dr.  E.  Schwenk  of  the  Schering  Corp.,  Bloomfield,  N.  J.,  suppUed  the  samples  of  estrone  and  a'Cstradinl 
and  Dr.  S.  Cook  of  Ayerst,  McKenna  and  Harrison,  Ltd.,  Rouses  Point,  N.  Y.,  supplied  the  crystalline 
estriol. 
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EXCRETION  OF  ESTROGEN  IN  BILE' 

A.  CANTAROW,  A.  E.  RAKOFF,  K.  E.  PASCHKIS^,  L.  P.  HANSEN 
AND  A.  A.  WALKING 
From  the  Jefferson  Medical  College  and  Hospital 

PHILADELPHIA,  PENNSYLVANIA 

Natural  estrogens  disappear  rapidly  from  the  blood  (i)  and  urine  (2-6)  after 
injection  into  normal  animals.  About  10  per  cent  of  the  estrogenic  activity 
of  the  substance  injected  can  be  demonstrated  in  the  urine  during  the  first 
24  hours,  the  quantity  diminishing  during  the  next  3  days.  The  level  of  estrogenic 
activity  in  the  blood  after  3  to  5  hours  is  about  10  per  cent  of  that  at  10  minutes  after 
intravenous  injection,  practically  none  being  demonstrable  after  24  hours  (i).  Evi' 
dence  has  been  accumulating  which  suggests  that  this  rapid  disappearance  of  estro' 
genic  activity  is  dependent  upon  rapid  inactivation  or  destruction  of  the  estrogens 
in  the  liver. 

Zondek  (3)  found  that  liver  pulp  of  various  animals  inactivated  estrone  in  vitro, 
probably  through  the  medium  of  an  enzyme  (estrinase)  (6),  which  is  also  present  in 
various  plants  and  bacteria  (7).  This  hypothesis  was  supported  by  other  observations 
indicating  that  incubation  of  liver  slices  with  estrogens  results  in  marked  diminution 
in  estrogenic  activity  (8-12).  Heller  (9)  suggested  that  a  double  enzyme  reaction  is 
involved,  the  first  reducing  estrone  to  estradiol,  which  is  then  inactivated  by  liver 
dehydrogenase.  It  has  been  found  also,  in  substantiation  of  the  idea  of  hepatic  in- 
activation,  that  ovarian  tissue  or  pellets  of  crystalline  estrogen  exert  little  or  no  estro' 
genic  effect  when  implanted  in  the  field  of  the  portal  circulation  as  compared  with 
their  characteristic  action  when  implanted  in  other  areas  (14-16).  Moreover,  patients 
with  cirrhosis  of  the  liver  have  been  found  to  excrete  abnormally  large  quantities  of 
free  estrogen  in  the  urine  (17),  and  an  increased  response  to  both  endogenous  and 
exogenous  estrogens  has  been  reported  in  animals  with  liver  damage  induced  by 
hepatotoxic  agents  (10,  18-20). 

The  similarity  of  chemical  structure  of  natural  estrogens  and  bile  acids,  and  the 
fact  that  the  latter,  Uke  the  former,  disappear  rapidly  from  the  blood  and  urine  follow- 
ing  intravenous  injection  in  normal  animals,  and  less  rapidly  in  the  presence  of  Ever 
damage,  suggested  to  us  the  possibility  that  estrogens,  hke  bile  acids,  may  be  removed 
from  the  blood  by  the  liver  and  subsequently  undergo  an  enterohepatic  circulation 
(21).  There  are  only  a  few  reported  studies  of  estrogen  in  the  bile  (6,  22-26);  only 
two  of  these  (25,  26)  have  a  direct  bearing  on  this  matter,  the  more  pertinent  (26) 
appearing  while  our  studies  were  in  progress. 

MATERIAL  AND  METHODS 

Six  series  of  observations  were  made  upon  4  cholecystectomized,  bile-fistula, 
female  dogs  (10-20  kg.),  the  bile  draining  externally  into  a  balloon.  The  animals  were 
maintained  on  a  diet  of  fresh  scrap  meat  and  Purina  dog  chow,  supplemented  with 
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cod'liver  oil  and  yeast  concentrates.  Except  when  the  conditions  of  the  experiment 
did  not  permit,  50  to  150  cc.  of  bile  were  re-fed  daily.  Bile  was  collected  before,  and 
for  2  to  5  consecutive  a4-hour  periods  after,  injection  of  estrogens*  as  follows:  intra¬ 
venously,  a),  2.5  mg.  of  a-estradiol  in  solution  in  0.5  cc.  absolute  alcohol,  b),  25  mg. 
and  I  mg.  of  estrone  in  suspension  in  i.o  cc.  of  absolute  alcohol  and  c),  5  mg.  ofdi- 
ethylstilbestrol  in  solution  in  0.5  cc.  of  absolute  alcohol;  subcutaneously,  25  mg.  of 
estrone  in  com  oil  (10  cc.),  injected  into  4  different  sites.  In  each  instance  the  estro¬ 
genic  activity  of  the  solution  or  suspension  was  determined  by  direct  assay.  All  assays 
were  made  by  the  biological  method  of  Fluhmann  (27),  employing  the  histological 
technic,  estrone  being  used  as  a  standard.  Free  estrogen  was  determined  by  injection 
of  both  untreated,  diluted  bile  and  of  oil  solutions  of  ether  extracts  of  dried  bile,  the 
results  obtained  by  these  two  procedures  being  essentially  the  same.  Total  estrogen 
(ffee+conjugated)  was  determined  after  preliminary  hydrolysis  of  the  bile  at  pH  i 
(HCl)  in  a  boiUng  waterbath  for  3  hours.  Nine  dosage  levels  were  employed,  viz., 
0.3,  0.6  and  0.9  cc.  of  1:10,  1:100  and  1:1000  dilutions  of  bile,  divided  into  6  injec¬ 
tions  over  a  period  of  3  days.  In  some  instances  additional  intermediate  dosages  were 
employed.  At  least  6  animals  were  used  at  each  dosage  level. 

As  indicated  in  the  table,  in  some  cases  no  bile  was  re-fed  during  the  experimental 
period  and  in  others  7  to  40  per  cent  of  the  bile  was  taken  for  assay,  the  remainder 
being  re-fed.  Some  indication  of  the  state  of  hepatic  function  was  obtained  by  deter¬ 
minations  of  serum  bilirubin  concentration. 

RESULTS  AND  COMMENTS 

The  pertinent  data  are  presented  in  detail  in  the  table.  No  estrogenic  activity  was 
demonstrable  in  control  specimens  of  bile  collected  for  the  24-hour  period  preceding 
administration  of  the  estrogens.  During  the  first  24  hours  after  injection  of  estrone 
(exp.  1-4  and  7),  there  was  excreted  in  the  bile  a  substance  or  substances  possessing 
33.6  to  63.6  per  cent  of  the  estrogenic  activity  of  the  administered  estrone.  The  lowest 
values  were  obtained  in  dog  2,  which  was  in  poor  condition,  with  impaired  liver 
function,  and  which  died  during  the  third  day  of  the  experiment.  At  the  time  of 
performance  of  experiment  4,  dog  3  showed  evidence  of  impaired  liver  function 
(serum  bilirubin  0.8  mg.  per  100  cc.),  but,  in  spite  of  this  fact,  the  bile  exhibited  a 
high  degree  of  estrogenic  activity.  In  experiment  i,  in  which  no  bile  was  re-fed,  96 
per  cent  of  the  activity  of  the  administered  estrone  was  demonstrated  in  the  bile 
excreted  during  the  first  48  hours;  83  per  cent  of  the  estrogen  during  the  first  24 
hours  and  73  per  cent  in  the  second  24  hours  was  in  the  free  state.  When  69  to  93 
per  cent  of  the  bile  was  re-fed  at  the  end  of  the  first  and  second  24-hour  periods 
(exp.  2  and  4),  the  biliary  excretion  of  estrogen  diminished  gradually,  the  recovery 
during  the  third  day  after  intravenous  injection  being  28.8  per  cent  and  after  subcu¬ 
taneous  injection,  10.5  per  cent;  the  proportion  excreted  in  the  free  state  increased 
from  about  75  per  cent  on  the  first  day  to  about  90  per  cent  on  the  third  day  (exp.  2). 
Essentially  the  same  findings  were  obtained  when  a  much  smaller  quantity  of  estrone, 
10,000  I.U.,  was  given  intravenously  (exp.  7). 

These  data  are  not  in  accord  with  the  findings  of  Stamler  (25)  and  Longwell  and 
McKee  (26).  After  intravenous  injection  of  1000  m.u.  of  estrone  per  kg.,  Stamler 
(25)  found  that  estrogen  appeared  in  the  bile  in  15  to  30  minutes,  disappearing  after 
4  hours,  with  a  total  biUary  excretion  of  ‘not  less  than  13  per  cent.’  Longwell  and 
McKee  (26)  injected  10,000  i.u.  of  estrone  subcutaneously,  recovering  1.3  to  8  per 

*  We  arc  indebted  to  Dr.  Erwin  Schwenk  and  Dr.  William  H.  Stoner  of  the  Schering  Com..  Bloom- 
held,  N.  J.,  for  the  crystalline  estrone  and  estradiol  employed  in  this  study. 
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cent  in  the  bile  during  the  next  72  hours.  No  explanation  can  be  offered  for  this  dis' 
crepancy.  The  necessity  of  ensuring  a  satisfactory  state  of  nutrition  and  Uver  function 
in  the  bile^fistula  dogs  cannot  be  ovet'emphasized,  since  otherwise  relatively  insig' 
nificant  hepatic  functional  defects  may  have  a  profound  influence  upon  the  metabolism 
of  the  steroid  hormones  (28). 

We  have  not  yet  attempted  to  ascertain  the  identity  of  the  estrogens  excreted  in 
the  bile  after  injection  of  estrone.  The  studies  in  vitro  of  Heller  (10)  suggest  that  the 
hver  may  convert  estrone  to  a-estradiol.  Longwell  and  McKee  (26)  reported  that 


Table  i.  Excretion  of  estrogen  in  bile 


Experi' 

ment 

Hours 

Bile 

Estrogen 

Administered 

Estrogen  Excretion 

Total 

Scrum 

Dog 

After 

Volume, 
24  hr. 

Re¬ 

fed 

A*1  J. 

/SAW 

Recov' 

Bili- 

Injection 

Free 

Total 

ery 

rubin 

cc. 

% 

I.U. 

I.U. 

I.U. 

% 

mg-% 

1 

24 

300 

0 

Estrone, 

100,000 

120,000 

48 

0.06 

48 

210 

0 

250,000, 

intravenous 

88,000 

120,000 

48 

2 

■■ 

150 

93 

Estrone, 

100,000 

66,000 

133,000 

80,000 

53-1 

O.I 

100 

90 

250,000, 

31 

■■ 

100 

intravenous 

66,000 

72,000 

28.8 

2 

3 

24 

125 

60 

Estrone, 

62,500 

33-6 

1.2 

48 

1  100 

250,000, 

37i000 

44,000 

17.6 

died  3rd 

intravenous 

day 

4 

24 

80 

69 

Estrone, 

100,000 

40 

0.8 

48 

95 

73  • 

250,000, 

subcutaneous 

31-5 

72 

146 

24,290  1 

26,280 

10.5 

3 

5 

14 

150 

a-Estradiol 

125,000 

80,000 

125,000 

80,000 

50 

0.2 

48 

160 

250,000, 

31 

72 

125 

intravenous 

20,525 

23,500 

9-4 

96 

lost 

120 

157 

1355 

0.9 

4 

6 

14 

138 

■M 

Diethyl 

22,690 

22,690 

18.9 

0.2 

48 

160 

stilbestrol. 

13,280 

14,080 

11.7 

72 

189 

H 

120,000, 

intravenous 

7,560 

6.3 

5 

7 

24 

106 

0 

Estrone, 

6360 

63.6 

48 

145 

0 

10,000, 

1450 

1940 

19.4 

72 

135 

0 

intravenous 

810 

1350 

13-5 

practically  all  of  the  biliary  estrogen  is  non-ketonic,  53.2  to  91.0  per  cent  probably 
being  a-estradiol.  In  view  of  the  extremely  small  quantity  of  estrogen  recovered 
from  the  bile  by  these  observers,  their  data  regarding  its  partition  into  ketonic  and 
non-ketonic  fractions  cannot  be  applied  to  our  findings.  It  is  obvious,  however,  that 
if  a  considerable  portion  of  the  biliary  estrogen  after  administration  of  estrone  is  in 
the  form  of  a-estradiol,  the  percentage  recovery  in  the  present  study  in  terms  of  sub' 
stance  is  much  lower  than  is  indicated  by  recovery  expressed  in  terms  of  estrogenic 
activity.  However,  the  data  recorded  in  experiment  5,  following  administration  of 
tt'estradiol,  indicate  definitely  an  extremely  high  recovery  of  estrogenic  substance 
from  the  bile  unless  one  assumes  either  excretion  in  the  form  of  some  unknown  sub' 
stance  of  considerably  greater  estrogenic  activity  than  estradiol,  or  potentiation  of 
the  latter  by  some  constituent  of  the  bile. 
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It  appears,  therefore,  on  the  basis  of  these  observations  (exp.  i,  5  and  7)  that  after 
intravenous  injection  of  estrone  or  estradiol,  about  90  to  95  per  cent  of  the  activity, 
if  not  indeed  of  the  actual  substance  of  the  injected  material,  can  be  recovered  from 
the  bile  excreted  during  the  subsequent  48  to  7a  hours.  About  50  per  cent  was  re' 
moved  from  the  body  in  the  bile  and  presumably  about  5  to  10  per  cent  in  the  urine 
(2-6)  during  the  first  24  hours  and  practically  none  can  be  demonstrated  in  the  blood 
after  the  first  day  (i).  On  this  basis  it  seems  probable  that  the  remaining  40  per  cent 
was  stored  in  the  portal  field,  to  be  excreted  during  the  next  few  days.  The  persistence 
and  magnitude  of  biliary  excretion  of  estrogen  are  illustrated  also  by  the  data  ofr 
tained  in  the  re-feeding  experiments  (exp.  2  and  4).  If  one  takes  into  consideration 
the  probable  urinary  excretion  and  the  quantity  of  estrogen  removed  in  the  samples 
of  bile  taken  for  assay,  it  is  obvious  that  under  physiological  conditions  considerable 
amounts  of  estrogen  may  be  excreted  in  the  bile  for  several  days  after  a  single 
intravenous  or  subcutaneous  injection.  On  the  basis  of  available  information  re- 
garding  the  quantity  excreted  in  the  urine  and  circulating  in  the  blood  under  these 
circumstances,  these  findings  must  be  interpreted  as  indicating  that  administered 
estrogens  may  be  stored  in  the  field  of  the  portal  circulation  for  several  days.  Studies 
are  now  in  progress  to  determine  whether  the  estrogen  excreted  in  the  bile  is  largely 
re'absorbed  and  undergoes  an  enterohepatic  circulation  similar  to  that  of  bile  acids. 
The  relatively  small  quantity  of  estrogen  in  the  feces  as  compared  with  that  in  the 
urine  during  pregnancy  (29)  suggests  that  under  physiological  conditions  the  estrogen 
excreted  in  the  bile  is  largely  reabsorbed  or  inactivated  or  destroyed  in  the  intestine. 

These  findings  and  this  hypothesis  are  not  in  accord  with  the  observations  of 
Zondek  and  Sklow  (8)  and  Frank,  Goldberger  and  Spielman  (30),  who  could  recover 
from  the  tissues  of  rats  and  rabbits  only  minute  amounts  of  estrogen  4  to  24  hours 
after  injection  of  estrone.  This  discrepancy  may  be  due  to  a  marked  species  difference 
in  estrogen  metabolism  or  to  more  rapid  destruction  or  inactivation  of  estrogen  under 
different  experimental  conditions.  It  may  be  significant  in  this  connection  that  Parker 
and  Tinney  (31)  recovered  comparatively  large  quantities  of  estrogen  from  the  livers 
of  pregnant  women  and  fetuses  2  to  3  hours  after  death. 

The  findings  obtained  in  the  single  experiment  with  diethylstilbestrol  differs 
rather  strikingly  from  those  with  natural  estrogens  in  the  much  lower  percentage  of 
recovery  of  estrogenic  activity  in  the  bile.  Dingemanse  and  Tyslowitz  (6)  reported 
the  presence  of  estrogenic  substances  in  the  bile  of  dogs  treated  with  diethylstih 
bestrol,  but  the  conditions  of  the  experiments  do  not  permit  quantitative  comparison 
with  our  data. 

SUMMARY 

Following  intravenous  injection  of  10,000  or  250,000  i.u.  of  estrone  (i  and  25 
mg.,  respectively)  or  250,000  i.u.  of  a-estradiol  (2.5  mg.)  in  dogs  the  bile  excreted 
during  the  succeeding  48  to  72  hours  contained  a  substance  or  substances  possessing 
90  to  95  per  cent  of  the  estrogenic  activity  of  the  substances  administered.  Tlie  greater 
portion  of  this  was  in  the  free  state.  The  data  presented  indicate  that  considerable 
quantities  of  exogenous  estrogen  may  remain  in  the  portal  field  for  several  days;  the 
possibility  of  an  enterohepatic  circulation  of  estrogens  under  physiological  conditions 
is  discussed.  These  findings  do  not  support  the  hypothesis  of  rapid  destruction  or 
-  inactivation  of  estrogens  by  the  liver  of  the  intact  dog.  After  administration  of 
diethylstilbestrol,  only  about  half  as  much  estrogen  could  be  recovered  from  the  bile 
as  after  admim'stration  of  natural  estrogens. 
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EFFECT  OF  DIETHYLSTILBESTROL  ON  MAMMARY 
GLAND  DEVELOPMENT  IN  DAIRY  ANIMALS* 

A.  A.  LEWIS  AND  C.  W.  TURNER 
From  the  Department  of  Dairy  Husbandry,  University  of  Missouri 

COLUMBIA,  MISSOURI 

ONE  OF  THE  ESSENTIAL  Conditions  for  stimulation  of  lactation  in  dry  and  virgin 
dairy  animals  is  that  the  mammary  glands  be  activated  so  that  they  will 
respond  to  an  outpouring  of  lactogen  from  the  anterior  pituitary  gland.  The 
mammary  glands  of  such  animals  may  consist  of  little  more  than  a  complex  duct  sys' 
tern.  Production  of  a  normal  volume  of  milk  cannot  be  expected  unless  it  is  possible 
to  induce  development  of  an  extensive  lobule^alveolar  system. 

There  are  a  number  of  reports  in  the  literature  on  the  growth  of  the  mammary 
glands  of  laboratory  animals  and  primates  induced  with  diethylstilbestrol.  Van 
Heuverswyn  et  al.  (i)  found  that  groups  of  5  male  mice  given  0.05,  0.2  and  2.0  mg. 
of  diethylstilbestrol  gave  +2,  -f*3  and  -f  i  ratings  of  mammary  duct  responses,  re¬ 
spectively,  after  8  injections  in  16  days.  Diethylstilbestrol  was  reported  to  beone- 
fifth  as  active  as  estrone  in  causing  proliferation  of  the  mammary  glands  of  spayed 
rats  (2)  and  guinea  pigs  (3).  In  contrast  to  these  results,  experiments  conducted  by  the 
present  authors  showed  diethylstilbestrol  to  be  more  active  than  estradiol  benzoate 
in  causing  mammary  duct  proliferation  in  mice  (4).  Oral  administration  to  mice  ap- 
peared  to  require  a  dosage  about  five  times  as  high  as  by  injection.  Alveolar  develop- 
ment  occurred  in  only  two  isolated  cases  (5). 

Mixner  and  Turner  (6)  reported  that  diethylstilbestrol  was  one-fourth  as  active 
as  progesterone  in  stimulating  lobule-alveolar  growth  in  spayed  female  mice.  Four 
mg.  were  required  over  a  period  of  10  days.  At  this  dosage  diethylstilbestrol  was 
more  toxic  than  the  sterols  studied.  Therefore,  at  dosages  which  should  have  stimu¬ 
lated  good  lobule-alveolar  growth,  the  toxic  properties  predominated  to  the  disad¬ 
vantage  of  mammary  growth. 

Male  rabbits  responded  to  diethylstilbestrol  treatment  with  development  of 
ducts  and  alveolar  buds  (5).  Some  rabbits  had  fair  alveolar  development,  especially 
two  males  given  subcutaneous  pellets.  Percutaneous  application  of  diethylstilbestrol 
was  also  effective  in  male  rabbits  (7).  Castrated,  parous  female  rats  responded  to 
diethylstilbestrol  treatment  with  some  development  of  alveoli  (8).  In  male  guinea 
pigs  extensive  lobule-alveolar  systems  grew  during  diethylstilbestrol  treatment  (9). 

Mammary  development  in  the  human  male  following  oral  administration  of 
diethylstilbestrol  has  been  reported  (10).  A  total  of  480  mg.  was  given  over  a  period 
of  96  days.  Firm  masses  6  cm.  in  diauneter  and  2.5  cm.  thick  were  palpable  under  the 
nipples  after  treatment.  These  masses  were  reported  to  be  harder  and  denser  than  those 
resulting  from  the  action  of  the  natural  estrogens.  Similar,  although  less  extensive 
.  development  was  obtained  in  a  6-year  old  girl.  Breast  hypertrophy  and  genital  changes 


Recei^d  for  publication  July  18,  1942. 
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were  reported  (ii)  in  a  castrated  woman  given  20.25  mg.  of  diethylstilbestrol  in  18 
days  followed  by  30  ab.u.  of  progesterone  in  6  days.  MacBryde  et  al.  (12)  reported 
similar  results  with  diethylstilbestrol  administered  orally  or  by  injection.  Prolifera¬ 
tion  of  the  mammary  epithelium  was  revealed  by  biopsy  specimens  obtained  before 
and  after  oral  administration  of  280  mg.  of  diethylstilbestrol  to  a  castrated  women. 


Table  1.  Treatment  of  dairy  goats  and  a  cow  with  diethylstilbestrol 


Number 

Reproductive 

Condition 

Treatment 

Days 

Total 

Dosage, 

mg. 

Treated 

Untreated 

367 

Castrate  virgin 

Injection  and  pellet 

96 

12 

134.00 

319 

369 

Virgin 

Injection  and  pellet 

96 

20 

168.50 

305 

371 

Virgin 

Injection 

398 

28 

105.50 

24 

231 

Virgin 

Oral  and  injection 

265 

27 

185.00 

25 

355 

Virgin 

Oral  and  injection 

217 

23 

438.75 

47 

373 

Aborted  at  3  mo. 

Injection  and  oral 

122 

71 

163.75 

27 

65 

262 

360 

Primiparous 

Oral  and  injection 

136 

20 

545.50 

- 

44 

588 

Primiparous 

Percutaneous 

63 

20 

452.00 

- 

50 

310 

Multiparous 

Percutaneous  and  injection 

297 

30 

400.00 

53 

72 

13 

427 

Multiparous  cow 

Injection  and  percutaneous 

144 

38 

1136.00 

34 

50 

833 

Mature  castrated  male 

Injection  and  pellets 

70 

40 

291.25 

197 

221 

432 

Mature  castrated  male 

Pellets 

238 

300.00 

43 

Male  kid 

Pellets 

300 

200.00 

One  mg.  a  day  given  orally  for  14  days  to  a  second  woman  caused  painful  breast 
swelling  (13). 

The  only  report  in  the  literature,  known  to  the  present  authors,  on  the  effects 
of  estrogenic  substances  on  the  growth  of  the  mammary  glands  in  farm  animals,  as 
shown  by  histological  examination,  is  a  preliminary  report  of  the  present  study  (5). 
Restricted  lobule-alveolar  growth  was  observed  in  two  virgin  kids  (369,  367)  in¬ 
jected  for  96  days  with  diethylstilbestrol.  A  castrated  male  kid  (833)  responded  with 
only  teat  growth. 

However,  Walker  and  Stanley  (14)  obtained  copious  lactation  in  2  Jersey  heifers 
following  the  administration  of  diethylstilbestrol  dipropionate  and  in  one  case  sup- 
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plemented  by  testosterone  propionate.  From  their  observations  they  concluded  that 
progestin  was  not  necessary  for  complete  mammary  development  in  cattle.  If  by 
complete  mammary  development  they  mean  complete  lobule-alveolar  growth,  it 
would  require  histological  examination  of  the  mammary  glands  to  determine  this, 
since  lactation  can  be  obtained  from  mammary  glands  in  which  the  alveoli  are  poorly 
developed. 

If  diethylstilbestrol  will  stimulate  complete  growth  of  the  mammary  lobule-alveolar 
system  of  dairy  animals  and,  further,  will  stimulate  the  secretion  of  lactogenic  hor- 


Table  i.  Sue  and  mile  production  of  mammary  glands  from  diethylstilbestrol'TReated 

ANIMALS  AND  CONTROLS 


Size  of  Mammary  Glands 

Milk  Yield  Per  Gland 

Number 

Volume 

cc. 

Per  Cent  1 

Days  in 
Lactation 

Days 

Diy 

Maximum, 

daily 

Av.  last  5  days 

of  control 
size 

cc.  % 

maximum 

Control,  lacuaing  goats 


443 

660 

■J 

305 

63 

433 

760 

225 

14 

569 

440 

594 

57 

843 

300 

202 

26 

351 

440 

173 

31 

837 

3JO 

mM 

80 

Av. 

488 

too 

■i 

Goats  and  cow  treated  with  diethylstilbestrol 


367 

380 

57 

f  86 

88 

87 

I145 

380 

303 

53 

369 

315 

44 

/  91 

135 

56 

\i7i 

355 

63 

18 

371 

380 

57 

48c 

330 

1 10 

33 

131 

380 

57 

130 

300 

134 

45 

355 

360 

53 

156 

180 

100 

56 

373 

380 

57 

/185 

65 

250 

1131 

180 

40 

22 

360 

360 

53 

120 

305 

71 

14 

588 

340 

70 

137 

505 

17 

3-b 

310 

1080 

221 

360 

1313 

180 

15 

427  COW 

3110 

370 

1174 

1  Unmilked 

mone  by  the  pituitary  (8,  15),  lactation  equivalent  to  that  observed  following  par¬ 
turition  might  be  expected  as  a  result  of  diethylstilbestrol  treatment  alone  (16, 17). 

The  object  of  the  present  paper  is  to  report  on  the  extent  of  mammary  gland  de¬ 
velopment  which  was  obtained  in  a  series  of  dairy  goats  and  a  dairy  cow  treated  for 
various  periods  of  time  with  diethylstilbestrol. 

PROCEDURE 

The  lactation  response  of  these  goats  and  the  cow  has  already  been  reported 
.  (13,  14,  15)  as  has  most  of  the  procedure  (15).  The  animals  and  their  treatment  are 
listed  in  table  i.  In  most  cases  the  animals  had  completed  extended  lactation  periods 
at  autopsy.  The  udders  were  removed  from  12  goats  and  a  cow  treated  with  diethyl¬ 
stilbestrol  and  19  control  goats,  dry  and  lactating,  virgin  females  and  males.  The 
mammary  glands  were  injected  with  water  until  fairly  cylindrical.  The  pressure  was 
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low  but  the  glands  were  expanded  to  a  size  fairly  normal  for  the  lactating  condition. 
The  udders  were  then  frozen  and  thick  sagittal  sections  were  cut  through  one  of  the 
glands  including  the  teat.  These  sections  were  fixed  in  Bouin’s  fluid  and  trimmed  with 
a  razor,  stained,  dehydrated  in  ascending  grades  of  alcohols,  cleared  in  xylene,  trimmed 
until  light  was  readily  transmitted  through  them,  and  the  blocks  used  to  prepare 
microsections.  Representative  gross  sections  were  mounted  in  isobutyl  methacryO' 
late  polymer. 

EXPERIMENTAL  OBSERVATIONS 

Female  goats.  Development  of  the  mammary  glands  of  two  virgin  kids  (369,  367), 
one,  a  castrate  which  received  daily  injections  of  diethylstilbestrol  for  96  days,  has 


Fig.  1.  Mammary  gland  from  goat  369  after  extensive  treatment  with  diethylstilbestrol.  Xo.5. 

Fig.  2.  Mammary  gland  from  goat  837,  normal  parturient  goat.  X0.5.  Fig.  j.  Mammary  gland 
from  goat  369  showing  alveoli.  X13. 

Fig.  4.  Mammary  gland  from  goat  371  after  stilbestrol  treatment.  X0.3.  Fig.  5.  Mammary 
GLAND  from  virgin  female  goat.  X0.5.  Fig.  6.  Mammary  gland  from  pregnant  goat.  X0.7. 

Fig.  7.  Microsection  of  gland  from  goat  360.  X15. 

Fig.  8.  Microsection  of  gland  from  goat  588  treated  with  diethylstilbestrol.  X13. 

Fig.  9.  Microsection  of  gland  from  goat  231,  treated  with  diethylstilbestrol. 

been  reported  (5).  These  glands  had  a  volume  of  about  50  cc.  and  consisted  of  ducts 
with  clusters  of  alveolardobules  as  in  normal  lactating  glands  after  parturition  except 
that  the  glands  were  restricted. 

Fourteen  days  after  removal  of  these  mammary  glands,  a  loo-mg.  pellet  of  diethyh 
stilbestrol  dipropionate  was  implanted  subcutaneously  into  each  of  the  goats  just 
behind  the  shoulders.  There  was  a  70'day  latent  period  in  the  case  of  l{id  367  and 
then  a  period  of  250  days  of  lactation.  Kid  369  had  a  izo-latent  period  followed  by  a 
iSo'day  period  of  lactation.  The  second  mammary  gland  was  then  removed  from  these 
goats.  Milk  production  had  declined  to  18  and  53  per  cent  of  the  maximum  (table  2). 

The  second  lactations  were  far  superior  to  the  previous  lactations  in  volume  and 
the  second  mammary  glands  removed  were  much  larger  than  the  first  ones  (fig.  1). 
The  volume  of  these  glands  calculated  on  the  basis  of  a  cylindrical  shape  with  their 
average  dimensions  was  280  cc.  (l{id  367)  and  216  cc.  (l(id  369).  This  volume  is  57 
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per  cent  and  44  per  cent  of  the  average  volume  of  mammary  glands  from  six  control 
lactating  goats  in  the  herd  (table  2,  fig.  2). 

The  histological  examination  of  the  mammary  glands  from  l(id  367  and  369  re' 
vealed  that  they  were  of  lobulc'alveolar  type  but  with  rather  small  lobules  (fig.  3). 
The  alveoli  were  separated  rather  than  adjacent  as  in  normal  glands  in  full  lactation. 
There  were  also  wide  bands  of  connective  tissue  between  the  lobules.  Most  of  the 


Fig.  10.  Normal  and  an  abnormal  mammary  gland  from  427  (cow).  X0.3. 

Fig.  II.  Normal  mammary  gland  from  cow  427.  X20.  Fig.  12.  AbRormal  gland  from  cow 
427.  X20 


alveoli  were  not  large  but  a  few  in  each  lobule  were  filled  with  milk.  Kid  369  produced 
-  only  40  cc.  of  milk  on  the  day  before  autopsy  and  l^id  367  produced  100  cc.  The  con' 
nective  tissue  bands  were  wider  in  the  gland  from  l^id  369  than  in  the  case  of  367, 
Otherwise  the  condition  was  similar. 

Mammary  glands  were  also  removed  from  goats  371,  231,  355,  373,  360,  588  and 
310  after  periods  of  lactation  following  the  administration  of  diethylstilbestrol.  Milk 
production  had  declined  to  3  to  56  per  cent  of  the  maximum  (table  2).  The  volume  of 
the  mammary  glands  from  the  first  5  goats  was  from  53  to  57  per  cent  of  that  of  control 
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lactating  goats,  while  those  from  goat  588  were  70  per  cent  as  large  (fig.  4).  Goat  310 
had  one  quite  large  gland  (table  2).  Goats  371,231  and  355  had  never  kidded  and  their 
mammary  glands  should  have  been  similar  to  that  shown  in  figure  5  before  treatment. 
Goat  373  aborted  a  half'term  kid  21.5  months  before  autopsy  and  4  months  before 
beginning  treatment.  Its  mammary  glands  at  the  time  of  abortion  should  have  been 
similar  to  that  shown  in  figure  6.  Goat  $88  and  360  had  each  kidded  once  and  goat  3 10 
had  done  so  several  times.  Goat  310  had  developed  a  bad  case  of  mastitis  in  the  single 
mammary  gland  and  the  gland  was  in  bad  shape  when  treatment  was  begun.  It  was 
caked,  lumpy  and  filled  with  abnormal  secretion.  The  condition  improved  consider- 
ably  as  lactation  progressed. 

In  histological  structure  the  mammary  glands  of  goats  3  55,  and  360  were  very  simi¬ 
lar  to  those  from  367  and  369.  They  were  composed  of  partially  developed  lobule- 
alveolar  systems.  The  alveoli  were  not  expanded  as  fully  as  is  found  in  normal  goats 
in  active  lactation  and  the  bands  of  connective  tissue  between  lobules  were  rather 
wide  (fig.  7).  The  alveoli  from  goat  355  appeared  to  have  degenerated  somewhat,  for 
their  walls  were  irregular  in  shape  with  some  protrusion  of  cells  into  the  lumina.  Some 
scattered  alveoli  were  large  and  filled  with  secretion  but  most  of  these  were  not.  Milk 
production  had  declined  in  this  case  to  56  per  cent  of  the  maximum  (table  2). 

Histological  sections  from  goat  360  showed  well-defined  alveoli,  many  containing 
secretion.  Some  were  much  expanded.  In  most  cases  the  alveoli  were  not  closely  ad¬ 
jacent  on  all  sides  as  one  expects  to  find  in  normal,  actively  secreting  glands  from  par¬ 
turient  goats.  There  were  large  areas  of  loose  connective  tissue  between  and  around 
the  rather  small  lobules.  The  large  ducts  in  certain  areas  appeared  to  have  clusters  of 
lobules  along  their  margins.  The  histological  structure  of  the  mammary  glands  from 
goat  $88  was  somewhat  similar  to  that  of  360  except  that  the  alveoli  appeared  shrunken 
and  irregular  in  outline  and  fewer  in  number,  indicating  that  secretory  activity  had 
declined  farther  than  in  the  previous  cases  (fig.  8).  Milk  production  had  declined  to 
3  per  cent  of  the  maximum  in  the  case  of  godt  $88. 

In  histological  appearance  the  mammary  glands  from  goats  373,  231  and  371  com¬ 
prise  a  group  with  peculiar  structure.  They  had  heavily  staining  lobules,  composed, 
apparently,  of  solid  masses  of  cells  instead  of  typical  alveoli  (fig.  9).  These  collections 
of  cells  were  globular  in  form,  especially  in  the  glands  of  goat  373,  but  were  not  ar¬ 
ranged  as  a  single  cell  wall  around  alveolar  lumina.  Instead,  there  were  cells  scattered 
through  the  mass.  In  goat  231  and  371  quite  a  number  of  these  masses  of  cells  had 
small  irregular  lumina  while  in  the  case  of  373  few  did.  There  was  little  sign  of  secre¬ 
tion  from  these  lobules.  They  are  interpreted  as  representing  partially  developed 
alveoli  either  in  a  state  of  development  or  regression.  By  the  time  of  autopsy  milk 
production  had  declined  to  22  to  45  per  cent  of  the  maximum  in  these  cases. 

Histological  sections  from  the  mammary  gland  of  goat  310  showed  surprisingly 
little  epithelial  tissue.  There  were  only  scattered  hypertrophied  ducts  with  small 
clusters  of  ducts  or  alveoli  filled  with  fat  globules  and  surrounded  by  expanses  of 
loose  connective  tissue.  That  this  tissue  could  have  secreted  a  liter  of  milk  a  day  is 
surprising.  Milk  production  at  the  time  of  autopsy  had  declined  to  15  per  cent  of  the 
maximum  in  this  case  (table  2). 

From  these  observations  it  is  apparent  that  diethylstilbestrol  and  the  dipropionate 
pellets  stimulate  an  increase  in  the  size  of  the  udders  of  virgin  female  and  parous  non¬ 
pregnant  dry  goats.  In  five  animals  histological  examination  revealed  fairly  normal, 
although  not  nearly  complete,  lobule-alveolar  development  after  treatment.  It  is  clear 
that  development  beyond  the  complex  duct  system  found  in  control  virgin  goats  was 
obtained  (18).  In  three  animals  the  glands  were  either  in  a  state  of  lobule-alveolar 
growth  or  regression.  The  alveoli  consisted  of  solid  clumps  or  masses  of  cells  without 
lumina.  In  this  respect  they  resembled  the  type  of  lobule-alveolar  development  ob- 
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served  in  the  rabbit  following  progestin  and  estrogen  treatment  (19).  It  seems  clear 
that  diethylstilbestrol  does  have  the  abihty  to  carry  the  development  of  the  mammary 
gland  of  the  female  goat  beyond  the  virgin  duct  stage  and  to  stimulate  limited  lobule' 
alveolar  growth.  While  treatment  in  some  cases  has  been  carried  out  over  rather  long 
periods  of  time,  in  no  case  did  the  glands  appear  comparable  to  the  glands  of  normal 
parturient  lactating  animals. 

Male  goats.  A  mammary  gland  removed  from  a  mature  castrated  male  goat  (833) 
showed  no  development  after  extensive  diethylstilbestrol  treatment  (5).  The  goat  had 
been  treated  for  78  days  by  injection  and  for  73  days  had  had  71.75  mg.  of  diethyl' 
stilbestrol  as  subcutaneous  pellets.  Thinking  that  perhaps  the  rate  of  absorption  of 
these  pellets  was  too  low  to  give  sufl5cient  hormone  for  mammary  growth,  two  loO' 
mg.  pellets  of  diethylstilbestrol  dipropionate  were  implanted  subcutaneously.  At 
autopsy  221  days  later  it  was  found  that  the  remaining  mammary  gland  had  developed 
very  little.  There  was  a  small  gland  cistern  which  held  five  cc.  of  water  but  little 
glandular  development  was  present.  A  second  mature  castrated  male  (goat  432)  and 
a  45'pound  male  kid  (43)  were  each  given  one  loo'mg.  pellet  of  diethylstilbestrol 
dipropionate  subcutaneously.  One  hundred  and  10  days  later  the  udders  had  shown 
no  external  enlargement  and  the  teats  were  undeveloped.  Two  more  pellets  were  im' 
planted  into  goat  432  and  one  pellet  into  lipd  43.  Shortly  before  autopsy  goat  432  gave 
as  much  as  9  cc.  of  milk  on  weekly  milking  (3  consecutive  times)  and  lipd  43  gave  4  cc. 
Goat  432  was  slaughtered  after  238  days,  and  Ipd  43  after  300  days  of  treatment. 
Neither  the  mammary  glands  nor  teats  of  Jpd  43  showed  any  development.  One  gland 
from  goat  432  was  entirely  undeveloped  while  the  other  was  similar  to  the  second 
gland  from  goat  833  with  a  small  gland  cistern.  The  teats  were  little  larger  than  those 
of  the  controls. 

No  explanation  can  be  advanced  for  the  apparent  inability  of  diethylstilbestrol 
to  stimulate  growth  of  the  mammary  glands  of  the  male  goats.  Estrogens  readily  cause 
mammary  growth  in  males  of  other  species  (20)  and  diethylstilbestrol  has  been  re' 
ported  to  act  similarly,  not  only  in  laboratory  animals,  but  in  primates  (5, 9, 10).  Male 
goats  not  infrequently  develop  rather  large  mammary  glands  spontaneously  and  have 
been  known  to  give  considerable  quantities  of  milk.  The  treated  males  in  this  study 
were  given  considerably  higher  dosages  (in  pellets)  than  were  required  to  cause  great 
increase  of  mammary  tissue  in  female  goats. 

Dairy  cattle.  An  aged  dairy  cow  was  available  which  had  been  declared  sterile  in 
1938  and  removed  from  the  University  Dairy  herd.  She  had  reacted  positively  to 
various  mastitis  tests  in  some  quarters  before  removal.  After  being  used  for  other 
experimental  studies  for  several  years,  this  cow  was  subjected  to  diethylstilbestrol 
treatment  for  several  months  (table  i).  The  subsequent  lactation  from  the  single 
normal  quarter  has  been  reported  (21). 

Ten  days  after  termination  of  milking  the  cow  was  slaughtered  and  her  udder 
obtained.  Gross  sagittal  sections  through  the  teats  and  mammary  glands  showed  a 
fundamental  difference  between  the  left  front  quarter  which  lactated  and  the  others 
which  did  not.  In  the  three  unresponsive  quarters,  the  gland  cistern  was  restricted 
to  a  one'inch  canal  with  no  lateral  openings  (fig.  10).  There  were  no  connections  be' 
tween  the  cistern  and  the  main  ducts  which  should  ramify  throughout  the  gland.  The 
glandular  tissue  was  firm  and  non'spongy  because  of  the  lack  of  ducts.  The  left  front 
quarter,  on  the  contrary,  was  quite  normal  in  gross  structure  with  a  large  irregularly 
walled  cistern  and  many  large  ducts  opening  into  it.  The  entire  quarter  was  of  a 
spongy  texture  with  ducts  ramifying  throughout  the  mammary  tissue. 

The  area  of  the  lobule'alveohr  tissue  was  fairly  well  extended  in  all  quarters. 
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The  mammary  tissue  of  the  normal  leftTront  quarter  measured  18X14.5  cm.  in 
sagittal  section  while  that  of  the  normal  left-rear  quarter  measured  21 X13  cm.  The 
abnormal  quarters  were  cone-shaped,  rather  than  globular,  because  of  the  restricted 
gland  cisterns.  Estimating  the  volume  of  the  normal  mammary  gland  on  the  basis  of  a 
hemisphere,  which  it  most  nearly  resembled,  the  volume  of  this  gland  was  3,220  cc. 
(table  2). 

On  histological  examination  of  specimens  secured  from  several  parts  of  the  normal 
and  abnormal  quarters  it  was  found  that  the  structure  of  the  secreting  tissue  was  sim¬ 
ilar  in  the  two  cases  (fig.  ii,  12).  The  secreting  tissue  was  composed  of  lobules  with 
ducts  and  alveoli  partially  distended  with  secretion.  Compared  with  a  parturient 
gland  in  full  lactation,  there  were  bands  of  connective  tissue  between  the  ducts  and 
alveoli  and  around  the  lobules  as  was  found  in  the  goats.  These  bands  were  thicker  in 
the  abnormal  quarters  than  in  the  normal  one.  Otherwise,  there  was  little  diffference 
between  the  appearance  of  the  secretory  elements  of  the  different  quarters.  A  normal 
lactating  mammary  gland  in  full  lactation  has  closely  adjacent  alveoli  composing  the 
lobules  while  in  these  glands  enlarged  ducts  were  numerous  in  each  lobule.  Alveoli 
were  of  various  sizies  and  rather  separated.  There  were  about  one-fourth  as  many 
alveoli  (and  ducts)  per  lobule  as  in  lobules  from  cows  in  full  lactation,  judging  from  a 
count  of  a  few  lobules  of  each  kind.  The  condition  of  the  lobules  and  alveoli  in  this 
cow  was  somewhat  similar  to  that  found  by  Turner  and  Reineke  in  a  normal  par¬ 
turient  goat  after  5  months  of  lactation  (22,  fig.  13). 

The  development  of  the  mammary  secretory  tissue  in  the  diethylstilbestrol- 
treated  cow  was  somewhat  similar  to  that  obtained  in  most  of  the  goats.  This  cow 
had  not  lactated  for  3  years  and  the  mammary  gland  should  have  regressed  to  little 
more  than  a  complex  atrophied  duct  system  (22).  Instead,  at  autopsy,  the  glands  were 
composed  of  partially  developed  lobule-alveolar  systems.  The  alveoli  were  very 
irregular  in  size  and  the  lobules  were  traversed  by  large,  hypertrophied  ducts.  Ap¬ 
parently  diethylstilbestrol  had  caused  the  development  of  considerable  alveolar  tissue, 
although  not  complete  development,  but  its  effect  on  producing  secretion  from  these 
structures  was  not  uniform.  The  fundamental  structure  of  the  gland  from  which  milk 
was  regularly  removed  for  several  months  was  very  similar  to  that  of  glands  from 
which  the  milk  could  not  escape  due  to  the  occlusion  of  the  main  ducts  at  the  gland 
cistern. 

We  have  reason  to  believe  that  the  abnormal  duct  structure  of  three  of  these 
glands  was  due  to  a  long-standing  mastitis.  During  4  years  this  cow  was  in  the  Uni¬ 
versity  herd  when  periodic  tests  for  mastitis  were  made;  there  were  times  when 
various  tests  indicated  infection.  In  the  last  two  tests  before  the  cow  was  removed 
from  the  herd  (1938)  the  microscopic  count  was  rather  high  in  three  quarters,  long- 
chain  streptococci  were  present  and  the  pn  was  high. 

Swett  et  al.  (23)  reported  a  similar  condition  to  that  found  in  the  abnormal 
quarters  of  this  cow  in  heifers,  udders  of  which  had  suffered  from  injury  or  infection. 
Little  et  al.  (24)  and  others  have  expressed  the  opinion  that  the  principal  site  of  in¬ 
fection  and  resulting  inflammation  in  mastitis  is  in  the  gland  cistern  and  main  ducts. 
In  the  case  reported  here  the  main  ducts  had  been  obliterated  and  the  gland  cisterns 
were  encased  in  fibrous  connective  tissue,  whereas  the  secretory  tissue  resembled  that 
of  the  normal  quarter. 


SUMMARY 

The  mammary  glands  of  virgin  female  or  dry  goats  were  grealy  increased  in  size 
over  the  control  condition  by  treatment  with  diethylstilbestrol  and  diethylstilbestrol 
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dipropionate  pellets.  In  five  cases  histologic  examination  revealed  fairly  normal,  ah 
though  not  complete,  lobule^alveolar  development  after  long'continued  treatment  as 
compared  to  the  complex  duct  system  found  in  control  virgin  goats. 

In  three  goats  treated  with  diethylstilbestrol  the  histologic  structure  of  the  mam¬ 
mary  glands  was  not  that  of  normal  alveolar  lobules  but  consisted  of  solid  masses  of 
cells. 

In  the  case  of  a  mature  multiparous  goat  which  gave  as  much  as  a  liter  of  milk  a 
day  from  one  mammary  gland,  there  was  ccxnparatively  little  epithelial  development. 
Small  isolated  clusters  of  alveoli  or  ducts,  and  hypertrophied  main  ducts  filled  with 
secretion  were  present. 

Male  goats,  in  spite  of  heavy  dosage  and  prolonged  treatment,  failed  to  respond 
to  diethylstilbestrol  dipropionate  pellets  placed  subcutaneously. 

An  aged  sterile  cow  had  fairly  well-developed  lobule-alveolar  systems  in  a  normal 
as  well  as  in  three  abnormal  quarters  of  the  udder  after  prolonged  diethylstilbestrol 
treatment  and  lactation. 
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ANTERIOR  PITUITARY'STIMULATING 
ACTION  OF  YOHIMBINE 

NICHOLAS  W.  FUGO  and  E.  G.  GROSS 
From  the  Department  of  Pharmacology,  State  University  of  Iowa 

IOWA  CITV,  IOWA 

The  alkaloid  yohimbine  has  long  been  employed  as  an  aphrodisiac,  although 
no  conclusive  experimental  evidence  has  been  reported  to  show  that  this  drug 
possesses  specific  seX'Stimulating  quality. 

Rumry  (i)  injected  yohimbine  into  adult  mice  and  found  no  change  in  the  repro- 
ductive  rate  of  these  animals.  Later  Ludwig  and  von  Ries  (2)  reported  that  injections 
of  small  amounts  of  this  drug  into  immature  mice  caused  the  development  of  a  typical 
estrous  condition.  D’ Amour  (3),  using  prepuberal  rats,  was  unable  to  confirm  the 
results  of  Ludwig  and  von  Ries.  Hechter,  Lev  and  Soskin  (4),  while  studying  the  rela- 
tion  of  hyperemia  to  estrin  action,  claim  that  yohimbine  alone  was  capable  of  produc' 
ing  an  estrous  reaction  in  castrate  mice.  D’ Amour  (3)  was  unable  to  obtain  comifica' 
tion  of  the  vaginal  epithelium  of  castrated  rats. 

In  view  of  these  divergent  observations  by  various  workers  it  has  generally  been 
assumed  that  the  action  of  yohimbine  on  the  genital  tract  is  one  of  hyperemia  and 
does  not  involve  the  sex  endocrines.'  However,  we  felt  that  the  evidence  so  far  pre- 
sented  did  not  completely  justify  this  conclusion. 

MATERIAL  AND  METHODS 

The  animals  used  in  these  experiments  were  rats  obtained  from  an  inbred  colony 
maintained  in  our  laboratory.  Four  separate  types  of  animals  were  used  in  the  various 
experiments.  The  first  group,  which  comprised  64  animals,  were  all  normal  females  of 
various  ages.  The  second  group  of  12  animals  were  castrated  female  rats.  The  third 
group  of  10  animals  were  hypophysectomized  female  rats  and  the  last  group  consisted 
of  24  male  rats  (normals  and  castrates)  with  an  immature  ovary  implanted  in  the  an- 
terior  chamber  of  one  eye.  Control  animals  were  included  in  all  groups. 

The  experimental  animals  of  each  group  were  treated  daily  with  subcutaneous 
injections  of  yohimbine'HCl  (varying  from  i  to  5  mg.  per  day)  over  a  period  of  time 
ranging  from  10  days  to  4  months  in  the  various  experiments.  The  animals  were 
weighed  at  3'day  intervals  and  at  the  termination  of  each  experiment  the  rats  were 
killed  for  gross  and  histological  examination  of  the  various  endocrine  glands  and  geni- 
tal  tracts. 

RESULTS 

y^ormal  female  rats  injected  with  yohimbine.  Four  separate  series  of  rats  were  used 
in  this  experiment.  In  the  first  series  5  female  rats  21  days  of  age  were  used.  Three 
were  injected  with  1  mg.  of  yohimbine  twice  a  day  for  3  days.  Two  others  served  as 
controls.  TwentyTour  hours  after  the  last  injection  all  of  the  animals  were  killed 
and  the  genital  tracts  examined  grossly  and  histologically.  No  differences  could  be 
observed  between  the  injected  and  control  animals.  In  the  second  series  22  immature 
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female  rats  25  days  of  age  were  divided  into  2  groups.  Twelve  animals  were  injected 
daily  with  i  mg.  of  yohimbine  while  the  other  10  served  as  controls.  It  was  observed 
that  the  vagina  in  the  experimental  rats  opened  at  the  same  age  as  in  the  control 
animals.  Furthermore,  the  injected  animals  showed  no  abnormal  sexual  behavior  dur- 
ing  this  period. 

With  the  opening  of  the  vaginal  orifice  daily  smear  records  were  made  of  all  the 
animals.  At  this  time,  also,  the  injected  animals  were  further  sub-divided  into  3 
groups.  The  first  group  of  3  animals  continued  to  receive  i  mg.  of  the  drug  per  day. 
The  second  group  of  4  animals  received  a  dose  of  2  mg.  per  day  while  the  third  group 
of  5  animals  received  3  mg.  per  day.  The  original  control  animals  were  retained  during 
this  period.  Daily  smear  records  and  injections  were  made  for  a  period  of  loi  days. 

It  was  found  that  the  animals  receiving  i  or  2  mg.  of  yohimbine  daily  showed  pe¬ 


riods  of  prolonged  estrus  which  extended  from  4  to  10  days  in  duration.  This  condition 
was  not  observed  in  control  rats.  The  rats  receiving  3  mg.  went  into  a  condition  re¬ 
sembling  pseudo-pregnancy.  The  smear  records  of  these  animals  show  long  periods 
of  diestrus  characterized  by  copious  mucous  smears.  During  the  period  of  injection 
the  experimental  animals  showed  aberrant  sexual  behavior  during  periods  of  estrus. 
These  animals  showed  typical  male  sexual  behavior,  mounting  other  females. 

Experiments  using  a  third  and  fourth  series  of  adult  female  rats  were  then  begun 
in  order  to  check  the  results  obtained  with  the  second  series. 

The  third  series  consisted  of  9  experimental  rats  and  5  control  animals.  Injections 
and  the  preparation  of  vaginal  smears  were  begun  when  the- animals  were  60  days 
of  age  and  were  continued  for  40  days.  Four  of  the  experimental  animals  received  i 
mg.  of  yohimbine  daily  and  the  other  5  were  injected  with  2  mg.  of  the  drug  per  day. 
As  in  the  second  series,  all  of  the  treated  animals  showed  prolonged  periods  of  estrus, 
which  was  not  encountered  in  the  controls.  These  animals  also  showed  abnormal 
'  sexual  behavior  during  periods  of  heat,  acting  hke  males. 

A  fourth  series  of  21  adult  female  rats  (ranging  from  no  to  185  days  of  age)  was 
divided  as  follows:  4  animals  received  daily  injections  of  4  mg.  of  yohimbine;  4  re¬ 
ceived  3  mg.  per  day;  5  animals,  2  mg.  per  day  and  3  received  i  mg.  per  day.  Five 
animals  were  used  as  controls.  Injections  and  the  making  of  vaginal  smears  were  con- 


Fig.  2.  Ovary  of  adult  rat  after  receiving  3  mg.  of  yohimbine  daily  for  ^2  days.  Note  the  large 
number  of  degenerating  corpora.  X9.  Fig.  I3.  Ovary  of  control  rat  of  same  age  as  that  in  Figure 
2.  X9. 

Fig.  4.  Immature  OVARY  implanted  in  eye  of  castrated  male  rat  after  recei\'ing  5  mg.  of  yohimbine 
per  day  for  10  days.  Note  the  well-developed  corpus  luteum.  X12.  Fig.  5.  Immature  ovary  implanted 
in  the  eye  of  a  castrated  male  rat.  This  animal  served  as  a  control.  Note  the  absence  of  luteinization.  X 12. 


difference  in  the  weights  of  the  various  endocrine  glands  between  experimental  and 
control  animals. 

In  the  groups  receiving  3  and  4  mg.  of  the  drug  daily  the  ovaries  were  very  highly 
luteinized  and  showed  the  presence  of  many  degenerating  corpora  (fig.  2).  This  con- 
dition  has  been  described  by  Long  and  Evans  (5)  and  Pfeiffer  (6)  as  being  indicative 
of  excessive  amounts  of  pituitary  hormones.  The  lack  of  significant  histological  find¬ 
ings  in  the  group  receiving  the  lower  dosage  and  the  presence  of  highly  luteinized 
ovaries  in  those  receiving  the  3  and  4'mg.  dosage  indicates  that  the  observed  condi¬ 
tions  are  probably  essentially  due  to  an  excess  of  LH  or  a  combination  of  LH  with 
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tinned  for  52  days.  As  in  the  other  series,  the  animals  receiving  dosages  of  i  and  2 
mg.  showed  prolonged  estrus  while  the  animals  receiving  the  higher  dosage  (3  to 
4  mg.),  became  pseudopregnant,  showing  highly  mucified  diestrous  smears  (fig.  1). 

In  the  last  three  series  of  animals  the  body  weights  of  the  injected  animals  were 
slightly  greater  than  the  weights  of  controls  of  the  same  age  at  the  end  of  the  experi¬ 
mental  periods. 

Histological  examination  of  the  ovaries,  uterus,  vagina  and  pituitary  of  the  ani¬ 
mals  receiving  i  and  2  mg.  showed  no  abnormalities,  nor  was  there  any  significant 
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FSH,  since  hormonal  conditions  in  which  FSH  predominates,  produce  cystic  ovaries. 
These  were  not  found  in  any  experimental  animals.  The  vagina  in  the  animals  re' 
ceiving  3  and  4  mg.  of  yohimbine  showed  a  condition  typical  of  pregnancy. 

Castrated  female  rats.  Having  shown  that  injections  of  small  doses  of  yohimbine 
cause  prolonged  periods  of  estrus  and  that  larger  doses  (3  to  4  mg.)  bring  about  a  con- 
dition  resembling  pseudopregnancy,  we  wished  to  determine  whether  the  effect  ob' 
tained  is  one  of  simple  hyerem.ia  or  whether  the  sex  endocrines  are  involved.  In 
order  to  test  this  point  12  normal  female  rats  were  castrated  at  64  days  of  age.  The 
estrous  cycles  were  followed  and  when  all  of  the  animals  showed  diestrous  smears, 
daily  subcutaneous  injections  of  2  mg.  of  the  drug  were  given  to  6  of  the  group.  The 
other  6  were  used  as  controls.  Injections  and  smears  were  continued  for  69  days.  We 
were  unable  to  obtain  any  indication  of  an  estrous  smear  in  these  animals.  These  rats, 
moreover,  showed  no  signs  of  male  or  of  any  type  of  sexual  behavior,  in  spite  of  the 
prolonged  treatment  with  yohimbine.  At  the  termination  of  the  experiment  the 
urogenital  tracts  and  pituitaries  were  preserved  and  examined  histologically.  Castra- 
tion  cells  were  commonly  found  in  the  hypophyses  of  all  animals.  The  uteri  and 
vagina  in  both  groups  showed  the  characteristic  involution  which  accompanies  cas¬ 
tration.  No  differences  could  be  observed  between  injected  and  control  castrates. 

Hypophysectomized  rats.  Since  the  results  in  castrated  rats  demonstrated  that  the 
effect  obtained  in  the  normal  animals  could  not  be  attributed  to  simple  hyperemia, 
it  was  felt  that  perhaps  the  action  of  yohimbine  in  producing  prolonged  estrus  and 
pseudopregnancy  may  have  been  a  direct  one  on  the  ovaries  of  the  experimental  ani¬ 
mals  causing  the  release  of  larger  amounts  of  estrogenic  material. 

To  test  this  hypothesis,  10  female  rats  were  hypophysectomized  at  60  days  of 
age.  The  completeness  of  the  operation  was  determined  first  by  the  weights  of  the 
animals  before  and  after  the  operation  and  also  by  gross  examination  of  the  sella  tur¬ 
cica  at  the  termination  of  the  experiment.  Five  animals  were  injected  with  2  mg.  of 
yohimbine  daily,  the  remainder  served  as  controls.  The  injection  of  yohimbine  which 
was  continued  for  20  days  had  no  effect  on  producing  estrous  smears.  At  the  termina¬ 
tion  of  the  experiment  the  genital  tracts  were  preserved  and  examined  histologically. 
No  differences  between  injected  and  control  rats  could  be  observed.  Neither  group 
exhibited  any  signs  of  sexual  activity  at  any  time. 

Adult  normal  and  castrated  male  rats  with  immature  ovaries  implanted  in  anterior 
chamber  of  the  eye.  Since  in  the  experiment  with  hypophysectomized  female  rats, 
yohimbine  has  no  recognizable  effect  directly  on  the  ovary  it  was  then  suspected  that 
its  action  was  upon  the  anterior  lobe  of  the  pituitary  which,  by  stimulating  the  ovary, 
would  produce  the  described  reactions. 

In  order  to  test  this  assumption  it  was  recalled  that  assays  of  male  rat  pituitaries 
showed  that  the  glands  contain  relatively  large  amounts  of  luteinizing  hormone,  but 
under  normal  conditions  this  hormone  is  not  released,  as  shown  by  Witschi  and 
Pfeiffer  (7).  While  implanted  or  acetone-dried  male  pituitaries  cause  luteinization 
almost  as  readily  as  do  female  glands,  so  far  it  has  never  been  possible  to  cause  the 
release  of  the  luteinizing  principle  from  the  living  gland  in  its  normal  position  in  the 
male. 

We  argued,  therefore,  that  if  yohimbine  exerted  its  effect  by  stimulating  the 
pituitary  it  might  possibly  cause  the  release  of  luteinizing  hormone  from  the  male 
pituitary. 

Following  this  reasoning,  we  castrated  16  adult  male  rats  and  implanted  immature 
ovaries  fr<3m  rats  27  days  of  age  into  the  anterior  chamber  of  the  eye  according  to  the 
technique  of  Goodman  (8).  In  another  series  8  normal  male  rats  were  used  as  hosts  for 
grafts.  Before  implantation  the  graft  was  carefully  examined  under  a  dissecting  micro- 
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scope  for  the  possible  existence  of  corpora.  None  was  found.  Of  a  total  of  24  grafts, 
16  became  vascularized  and  developed.  The  grafts  were  observed  daily  and  when  well 
vascularized  injections  of  5  mg.  per  day  of  yohimbine  were  started  and  continued 
for  10  days.  The  animals  were  then  killed  and  the  entire  eye  bearing  the  graft  was 
examined  histologically.  Successful  grafts  were  obtained  in  12  castrates  and  4  normal 
animals.  Eight  castrates  and  2  normal  animals  bearing  grafts  were  treated  with  yohim^ 
bine  while  4  castrates  and  2  normal  animals  bearing  grafts  were  used  as  controls. 

The  10  injected  animals  at  the  termination  of  the  experiment  had  corpora  lutea 
in  the  implanted  ovaries  (fig.  4).  No  evidence  of  luteinization  was  observed  in  any  of 
the  6  control  animals  bearing  grafts  (fig.  5). 

DISCUSSION 

The  results  reported  in  this  paper  differ  from  those  previously  cited  by  other 
workers  in  several  respects.  The  effect  of  yohimbine  has  been  attributed  solely  to  its 
hyperemic  effect  on  the  genital  tract.  There  is  no  doubt  but  that  this  phenomenon 
does  enter  into  the  aphrodisiac  action  of  this  drug,  but  the  fact  that  yohimbine  has 
an  action  other  than  one  of  hyperemia  has  been  overlooked.  When  administered 
chronically  this  drug  causes  prolonged  periods  of  estrus,  and  in  larger  doses  brings 
about  a  condition  resembling  pseudopregnancy. 

The  above'described  experiments  prove  these  phenomena  are  mediated  through 
a  stimulation  of  the  anterior  pituitary.  That  the  effect  is  not  a  direct  one  on  the  ovaries 
is  demonstrated  by  results  in  the  hypophysectomized  animal.  In  the  experiment  using 
male  rats  with  immature  ovaries  implanted  in  the  anterior  chamber  of  the  eye  good 
evidence  is  obtained  that  part  of  the  systemic  effect  of  yohimbine  is  to  stimulate  the 
hypophysis  so  that  it  releases  its  hormones,  especially  the  luteinizing  principle 

The  question  might  arise  as  to  why  the  stimulating  effect  of  this  drug  is  not  seen 
in  the  immature  animal.  In  these  experiments  and  also  in  those  of  D’ Amour  (3)  no 
effect  could  be  observed  when  yohimbine  was  administered  to  immature  rats. 

There  are  two  plausible  explanations  which  might  account  for  the  inability  to 
stimulate  the  immature  animal.  The  first  is  the  possibility  that  the  prepuberal  hypoph' 
ysis  is  physiologically  incapable  of  responding  to  the  action  of  this  drug.  It  is  pos' 
sible  that  the  pituitary  becomes  more  sensitive  to  stimulation  when  the  changes  at 
sexual  maturity  occur.  The  second  explanation  for  the  failure  to  obtain  a  response 
from  the  immature  rat  may  be  the  fact  that  the  stimulating  action  of  yohimbine  is 
apparently  largely  limited  to  increasing  the  output  of  the  luteinizing  principle  from 
the  anterior  lobe.  This  idea  is  substantiated  by  the  fact  that  cystic  ovaries  were  not 
observed  in  injected  adult  female  rats  as  would  be  expected  if  excessive  production 
of  FSH  occurred.  It  is  a  welhknown  fact  that  immature  rats  show  no  response  to 
treatment  with  LH  alone.  This  latter  explanation  is  most  likely  correct  in  view  of  the 
experimental  data  presented. 

Ludwig  and  von  Ries  (2)  have  reported  development  of  the  estrous  condition  in 
immature  mice  and  later  Hechter,  Lev  and  Soskin  (4)  claim  that  the  vaginal  epithelium 
of  castrated  mice  became  cornified  with  yohimbine  administration.  These  observa- 
tions  are  contrary  to  the  results  obtained  by  us  and  also  to  those  reported  by  D’ Amour 
(3).  However,  these  discrepancies  might  possibly  be  explained  on  a  basis  of  a  species 
difference.  The  former  investigators  used  mice,  while  our  experiments  and  those  of 
D’ Amour  (3)  were  conducted  with  rats. 

SUMMARY 

I.  Immature  female  rats  treated  with  I'mg.  doses  of  yohimbine^HCl  show  no 
precocious  sexual  development. 
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1.  Female  rats  treated  with  this  drug  for  periods  ranging  from  40  to  101  days  with 
dosages  ranging  from  i  to  4  mg.  per  day,  responded  to  lower  dosages  (i  and  1  mg.) 
with  periods  of  prolonged  estrus  while  with  higher  dosages  (3  and  4  mg.)  a  condition 
resembling  pseudopregnancy  resulted.  These  animals  exhibited  atypical  sexual  be- 
havior  during  periods  of  heat. 

3.  Adult  castrated  female  rats  showed  no  comification  of  the  vaginal  epithelium 
in  spite  of  chronic  administration  of  the  drug,  showing  that  the  prolonged  estrus 
observed  in  normal  rats  was  not  due  to  hyperemia. 

4.  Hypophysectomized  female  rats  showed  no  estrous  condition  when  treated 
with  yohimbine,  demonstrating  that  the  drug  had  no  direct  effect  upon  ovarian  tissue. 

5.  Adult  normal  and  castrated  male  rats  with  immature  ovaries  devoid  of  corpora 
lutea  implanted  into  the  anterior  chamber  of  the  eye  showed  on  treatment  with 
yohimbine,  the  development  of  normabappearing  corpora. 

6.  The  results  reported  in  this  investigation  present  evidence  that  the  alkaloid 
yohimbine  stimulates  the  anterior  lobe  of  the  pituitary  causing  it  to  release  excessive 
amounts  of  its  principles,  especially  the  luteinizing  hormone. 
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EFFECTS  OF  ANTERIOR  PITUITARY  PREPARATIONS 
AND  INSULIN  ON  ISLET  CELLS  OF  THE  PIGEON 
PANCREAS 
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From  the  Department  of  Genetics,  Carnegie  Institution  of  Washington 

COLD  SPRING  HARBOR,  NEW  YORK 

Houssay’s  investigations  demonstrating  the  importance  of  the  anterior 
pituitary  in  carbohydrate  metabolism  have  stimulated  many  studies  on  the 
functions  of  the  islets  of  Langerhans  and  on  the  control  of  their  activity. 
During  recent  years  workers  in  this  lalxiratory  have  studied  extensively  the  relation 
of  pituitary  hormones,  and  other  hormones,  to  carbohydrate  metabolism  in  pigeons. 
The  present  study  of  the  pigeon  pancreas  describes  the  normal  morphology  of  the 
three  types  of  islet  cells  and  the  changes  induced  in  them  by  a  variety  of  experimental 
procedures  and  hormone  treatments. 

White  Cameau  pigeons,  aged  1.9  to  2.4  months  from  hatching,  were  used.  Pieces 
of  pancreas  were  preserved  in  Helly  fixative  prepared  with  neutral  formaldehyde, 
sectioned  at  5/ii  and  stained  in  Heidenhain’s  azan  (i).  Hypophysectomy  (anterior  lobe 
only)  was  performed  according  to  the  method  developed  in  this  laboratory  (2).  The 
several  pituitary  hormone  preparations  utiUzed  have  been  carefully  assayed  and  used 
in  parallel  studies  on  other  aspects  of  carbohydrate  and  fat  metabolism  by  Riddle  and 
his  associates. 

J^ormal  Islet  Tissue 

There  are  three  types  of  islet  cells.  Beta  cells,  the  largest,  have  a  spherical  nucleus 
showing  diffuse  scant  chromatin,  and  minute  cytoplasmic  granules  which  stain  yellow 
(fig.  i).  Alpha  cells  have  an  oval  or  round  nucleus  with  one  or  two  prominent  nucleoli, 
and  many  large  red  cytoplasmic  granules  (fig.  7).  Delta  cells,  the  smallest  of  the  three, 
have  smaller  blue-staining  granules;  nuclei  are  variously  shaped  and  stain  rather 
densely  (fig.  7,  i). 

In  general,  there  are  two  types  of  islets.  One  is  composed  of  alpha  and  delta  cells, 
the  other  of  beta  and  delta  cells  and  correspond  to  the  dark  and  light  islets  previously 
described  in  birds  (3).  Both  types  are  most  numerous  at  the  anterior  ends  of  the  pan- 
creas.  Alpha  islets  are  of  variable  size  but  some  are  very  large;  delta  cells  are  scattered 
singly  or  in  small  groups  near  the  connective  tissue  elements  supporting  the  islets. 
Occasionally,  a  few  beta  cells  are  found  in  an  alpha  islet.  Beta  islets  are  always  of 
modest  size;  beta  cells  form  a  compact  central  mass  with  delta  cells  and  sometimes 
with  alpha  cells  at  the  periphery.  A  variation  in  cell  size  and  granule  content  sug' 
gests  a  cyclical  production  of  insulin  in  beta  cells.  There  are  large  cells  well  filled  with 
yellow  granules,  small  cells  without  these  granules  and  cells  intermediate  between 
these  extremes;  non-staining,  or  pale  blue-gray  granules  occupy  the  residual  beta  cyto¬ 
plasm.  In  most  of  the  beta  cells  the  yellow  granules  are  polarized  at  the  end  adjacent 
to  the  blood  supply;  in  a  few  they  are  distributed  uniformly.  Long,  shrunken  de- 
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generating  cells  with  darkly  staining  nuclei  and  cytoplasm  are  regularly  present.  The 
negative  image  of  the  Golgi  apparatus  is  prominent  in  well-granulated  cells. 

Mitoses  have  not  been  seen  in  alpha  or  beta  cells  (birds  killed  during  dayUght); 
they  are  extremely  rare  in  delta  cells.  Our  observations  suggest  that  alpha  cells  may 
differentiate  from  delta  cells  or  from  a  common  stem  type.  There  was  no  evidence  of 
a  transformation  between  acinar  and  alpha  cells.  No  indication  of  the  origin  of  beta 
cells  was  observed.  Other  observations  (4-6)  suggest  that  delta  cells  transform  into 
or  develop  from  alpha  and  beta  cells. 

Effects  of  Hypophysectomy  and  Force  Feeding 

Islets  from  pigeons  hypophysectomized  10,  6  and  4  days  were  examined  (table  i). 
Some  alpha  islets  were  greatly  enlarged  and  their  total  volume  (in  the  shrinking  pan¬ 
creas)  may  have  increased;  no  cell  divisions  were  seen.  Enlargement  of  islets  in  hypoph¬ 
ysectomized  animals  has  been  reported  (7-10).  Hyperplasia,  primarily  of  alpha 
cells  (8),  of  beta  cells  (9)  or  of  both  (10),  is  claimed.  In  hypophysectomized  pigeons 
beta  cells  are  diminished  in  size  and  less  well  granulated;  degenerating  cells  and  de- 
granulated  cells  are  markedly  increased;  nuclei  are  elongated  (fig.  3).  Delta  cells  tend 
to  be  fewer  and  smaller;  nuclei  stain  densely. 

Four  tests  were  made  (table  i)  to  determine  whether  these  effects  result  directly 
from  pituitary  removal  or  from  the  diminished  food  consumption  always  observed 
in  hypophysectomized  birds  (ii).  Two  groups  of  pigeons  were  hypophysectomized; 
one  group  was  fasted,  the  other  force-fed  up  to  25  gm.  daily,  for  10  days;  normal 
pigeons  of  this  type  and  age  eat  about  35  gm.  of  food  daily.  One  of  two  unoperated 
groups  was  fasted  10  days  and  the  other  force-fed  60  gm.  daily.  Alpha,  beta  and  delta 
cells  of  both  fasted  groups  resembled  those  of  untreated  hypophysectomized  controls 
(fig.  2,  4;  and  table  i).  Alpha,  beta  and  delta  cells  of  the  force-fed  hypophysectomized 
pigeons  resembled  those  of  normal  unoperated  controls  (fig.  5,  table  i).  In  the  over-fed 
normal  animals  beta  cells  were  enlarged  and  very  well  filled  with  polarized  yellow 
granules;  a  few  were  partially  degranulated  but  degenerating  cells  and  non-granular 
cells  were  markedly  diminished;  no  mitosis  was  seen.  Alpha  and  delta  cells  were  es¬ 
sentially  normal.  Cytological  evidence  of  beta  cell  activity  similar  to  that  found  in  the 
over-fed  normals  was  observed  in  4  partially  depancreatized  pigeons. 

Effects  of  Injeaed  Hormones 

Prolactin.  Data  for  dosage,  length  of  treatment  and  effects  on  the  islet  cells  are 
given  in  table  i.  There  were  7.4  units  of  prolactin  and  only  traces  of  gonadotropin, 
thyrotropin  and  corticotropin  in  the  preparation  used.  These  pigeons,  as  well  as  most 
of  the  other  groups  injected  with  hormones,  were  force-fed  (up  to  15  gm.)  at  24  hours 
before  kiUing  and  were  fasted  thereafter.  No  effect  of  this  shght  fast  was  noted  in 
normal  pigeons.  Prolactin  has  a  slightly  adverse  effect  on  the  beta  cells  at  short  terms 
of  treatment;  at  the  longer  intervals  the  cells  were  of  the  stimulated  type  observed 
in  force-fed  and  partially  depancreatized  pigeons.  Alpha  cells  appeared  normal  in  most 
of  the  pigeons;  an  occasional  mitosis  was  observed.  Delta  cells  were  somewhat  stimu- 


Fig.  1-6.  Beta  islets  of  i.q-month-old  pigeons.  Xiooo.  Fig.  i.  Normal.  One  degenerating  (dark) 
cell;  a  few  smaller  delta  cells  visible  toward  the  edge;  blood  corpuscles  are  black.  Fig.  2.  Normal,  fasted 
10  days.  Nuclei  small,  the  cytoplasm  reduced  and  less  well  granulated;  several  degenerating  cells.  Fig.  3. 
Hypophysectomized  10  days.  Fig.  4.  Hypophysectomized  and  fasted  10  days.  Fig.  5.  Hypophysectomized 
and  force.'icd  25  gm.  of  food  dai'y  for  10  days.  Beta  cells  are  entirely  normal  in  appearance.  A  few  alpha 
cells  (with  one  or  two  prominent  nucleoli)  are  visible  toward  the  edge.  Fig.  6.  Normal,  injected  with  50 
u  of  insulin  daily  for  5  days. 
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Table  i.  Effects  of  varjous  hormones  and  nutritive  states  on  islet  cells  of  the 

FANCREAS  OF  PIGEONS 


Type,  and 
Number  of 
Days  Operated 

No.  of 
Birds 

Treatment 

Injected 

Daily, 

mg. 

No.  of 
Days 

Alpha 

Cells 

Beta 

Cells 

Delta 

Cells 

13 

0 

n 

n 

n 

Normal 

6 

Fasted 

10 

0 

— 

n 

3 

Force  fed  60  gm.  daily 

10 

n 

+ 

n 

10 

10 

0 

_ 

n 

Hypophysec' 

6 

Fasted 

10 

0 

— 

n 

tomized  (10) 

6 

Force  fed  23  gm.  daily 

10 

n 

n 

n 

4 

— 

2+2n 

3 

— 

i-f-2n 

Normal 

6 

Prolactin  786 

+ 

4-i-2n 

3 

+ 

+ 

6 

■■ 

+ 

n 

Normal 

4 

781 

6-10 

4 

n 

+ 

n 

Normal 

a 

Corticotropin  799 

10 

4 

— 

+ 

n 

Hypet.  (22) 

4 

799 

5 

10 

c 

n 

n 

Normal 

3 

8jo 

10 

4 

2— in 

n 

n 

Normal 

3 

Gonadothyrotropin  630 

5 

1 

n 

n 

n 

3 

630 

5 

3 

n 

n 

n 

3 

30  u 

10  hr. 

n 

n 

n 

.6 

30  u 

I 

4—20 

—  7 

n 

6 

30  u 

2 

4— 2n? 

— 

3+3n 

Normal 

3 

Insulin 

30  u 

3 

— 

— 

3 

30  u 

5 

— 

— 

3 

50  u 

y 

— 

— 

1 

60  u 

4 

— 

— 

1 

10  u 

1 

0 

— 

2+3n 

6 

10  u 

2 

0 

— 

n? 

Hvpophvsec' 

a 

Insulin 

10  u 

5 

0 

— 

* 

tomized  (6-10)  2 

15  u 

5 

— 

— 

2 

4U 

8 

— 

— 

3 

I  u 

10 

— 

n= normal;  Alpha,  — ,  depletion  of  granules;  Beta,  — ,  depletion  of  granules,  increased  number  of 
degenerating  cells;  stimulation;  o,  enlarged  islets,  coarse  granules;  *,  cells  smaU,  pale,  inconspicuous. 


lated  up  to  3  days  of  treatment  (fig.  8);  the  cells  were  more  numerous,  nuclei  and  cytO' 
plasm  were  enlarged  and  usually  stained  lightly ;  mitoses  were  more  numerous  and  the 
negative  image  of  the  Golgi  apparatus  was  prominent. 

Corticotropin.  Three  preparations  rich  in  corticotropin  (0.15-0. 19  units  per  mg.) 
and  with  small  amounts  of  thyrotropin  and  gonadotropin,  but  almost  no  prolactin, 
were  tested  (table  1).  Preparations  781  and  799  stimulated  the  beta  cells  in  unoperated 


Fig.  7-12.  Alpha  islets  of  1.9'MONtH'Old  pigeons.  Xiooo.  Fig.  7.  Normal.  Alpha  cells  have  oval 
or  round  nuclei  with  one  or  two  prominent  nucleoli;  granules  are  large  and  closely  packed.  Delta  cells 
are  smaller  with  variously  shaped  and  densely  staining  nuclei;  granules  are  light  and  do  not  photograph 
clearly.  Fig.  8.  Normal,  inject^  with  5  mg.  of  prolactin  (786)  daily  for  2  days.  Delta  cells  are  enl^ged 
and  increased  in  number;  nuclei  are  pale.  Fig.  9.  Normal,  injected  with  12  mg.  of  837  daily  for  4  days; 
mitosis  in  two  delta  cells.  Fig.  10.  Normal,  injected  with  a  total  of  5  mg.  daily  for  2  days  of  preparations 
80s,  Si7,  818.  Strong  delta  cell  stimulation.  Fig.  ii.  Normal,  injected  with  50  u  of  insulin  d^y  for  ; 
days.  The  alpha  granules  are  reduced  in  numba  and  are  polarized  between  the  nucleus  and  the  blood 
supply,  leaving  the  inner  portion  of  the  cytoplasm  free  of  granules.  Fig.  12.  Normal,  injected  with  60  u 
of  insulin  daily  for  4  days.  Alpha  cells  are  almost  empty  of  granules  but  appear  healthy. 
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Table  a.  Effects  of  ammonium  sulfate  fractions  from  beef  pituitary  on  the  islet  cells 

OF  THE  PANCREAS  OF  PIGEONS 


Type,  and 
Number  of 
Days  Operated 

No.  of 

Dosage 

No.  of 

Alpha 

Beta 

Delta 

Birds 

Preparation  Daily,  mg. 

Days 

Cells 

CelU 

CelU 

A.  Extract  at  pH  8.;;  soluble  at  pH  5.5 

3 

790 

9.9 

4 

— 

n 

+ 

2 

790 

20.0 

4 

— 

— 

+ 

4 

804 

14.0 

3 

— 

— 

+ 

Normal 

8 

816 

9. a 

3 

n 

n 

5+?  3" 

3 

837 

12.0 

2 

n 

— 

+ 

3 

837 

a3.o 

2 

2— in 

— 

+ 

3 

837 

12.0 

4 

n 

— 

+ 

B.  Precipitate  at  |  saturation;  soluble  on  dialysis 

3 

791 

7.0 

4 

n 

— 

n 

I 

8oy 

150 

4 

n 

— 

++ 

I 

8oy 

8.2 

4 

n 

— 

n 

1 

805 

8. a 

6 

n 

— 

++ 

Normal 

2 

817 

a. 8 

4 

n 

n 

+ 

3 

817 

ly.o 

4 

n 

n 

++ 

3 

838 

7.0 

10  hr. 

n 

n 

1+  an 

3 

838 

7.0 

1 

I— 2n 

— 

1+  an 

3 

838 

2.0 

4 

n 

— 

n 

C.  Precipitate  at  J  saturation;  insoluble 

on  dialysis 

Normal 

2 

79a 

17-5 

4 

n 

— 

+ 

Hypct.  (5) 

2 

79a 

15.0 

2 

n 

n 

+ 

Normal 

3 

806 

ia.3 

2 

I— 2n 

— 

a+  in? 

Normal 

2 

806 

ia.3 

4 

1— in 

— 

1+  i+? 

Normal 

2 

818 

5-0 

1 

n 

— 

i-H+in 

Normal 

2 

818 

46.4 

4 

—  7 

— 

+4* 

Normal 

10 

818 

15.0 

4 

a— 8n 

— 

8-i— j-an 

Hypct.  (4) 

3 

818 

5.0 

2 

0 

— ? 

+ 

Normal 

2 

839 

64.0 

10  hr. 

n 

n 

+ 

Normal 

3 

839 

7.0 

1 

n 

— 

1+  an 

Normal 

3 

839 

7.0 

2 

n 

— 

+ 

Normal 

1 

839 

35-0 

4 

+ 

— 

++ 

D.  Precipitate  at  ^  saturation;  soluble  on  dialysis 

Normal 

2 

793 

17-5 

3 

— 

— 

n 

Normal 

2 

793 

5-a 

4 

n 

— 

n 

Normal 

2 

807 

8.a 

4 

n 

— 

n 

Hypct.  (8) 

2 

807 

8. a 

4 

0 

— 

n 

Normal 

3 

819 

15.0 

1 

n 

n 

n 

Normal 

11 

819 

14.0 

4 

n 

— ? 

1+  ion 

Normal 

3 

840 

10.0 

1 

n 

— 

n 

Normal 

2 

840 

7.0 

2 

n 

n 

n  . 

Normal 

2 

840 

7.0 

4 

n 

- 

n 

£.  Precipitate 

at  i  saturation;  insoluble 

on  dialysis 

Hypct.  (5) 

2 

794 

10.0 

3 

— 

— 

1+  in 

Normal 

2 

794 

7.0 

4 

n 

— 

n 

Normal 

3 

808 

25.0 

4 

n 

— 

a+  in? 

Normal 

5 

8ao 

ay.o 

4 

n 

n 

a-f-  3n 

Normal 

3 

841 

16.0 

2 

I— 2n 

— 

n 

Normal 

3 

841 

16.0 

4 

n 

- 

1+  an 

F.  Precipitate  at  complete  saturation 

Normal 

2 

795 

7.0 

10  hr. 

n 

_ 

n? 

Normal 

2 

809 

20.0 

4 

— 

n 

n 

Normal 

2 

809 

31.6 

4 

— 

n 

+ 

Ncroal 

5 

8ai 

15.0 

4 

n? 

n 

1+  4n 

Symbols  have  the  meanings  given  in  the  foot-note  to  table  i. 
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pigeons  or  maintained  a  normal  condition  in  the  hypophysectomized  animals.  The 
alpha  cells  showed  depletion  of  granules  in  some  of  the  pigeons  injected  with  pre- 
parations  799  and  830,  but  not  with  781.  Delta  cells  were  unaffected. 

Gonadotropin  and  thyrotropin.  Preparation  630  was  without  effect  on  any  of  the 
cell  types  at  either  i  or  3  days  of  treatment  (table  i).  This  preparation  contained  a 
little  corticotropin;  it  was  practically  free  of  prolactin. 

Ammonium  sulfate  series.  An  extract  soluble  at  pn  5.5,  from  fresh  beef  anterior 
pituitary  and  5  fractions  obtained  from  it  by  precipitation  with  ammonium  sulfate 
(12)  were  used  in  tests  for  effects  upon  the  islets.  Four  different  series  of  such  fractions 
were  tested  both  as  fresh  preparations  and  after  acetone  or  vacuum  drying.  The  der' 
ivation  and  relationship  of  the  several  preparations,  and  their  effects  on  islet  cells, 
are  indicated  in  table  2.  Careful  assays  show  that  all  are  low  in  prolactin  and  gonado' 
tropin;  their  content  of  thyrotropin,  corticotropin  and  posterior  lobe  hormone  is 
variable.  The  several  A  and  D  fractions  (table  2)  represent  the  better  ‘diabetogenic’ 
fractions  of  Young  (12). 

With  a  few  exceptions  all  of  these  preparations  had  adverse  effects  upon  the  beta 
cells,  effects  similar  to,  but  less  severe  than,  those  observed  in  fasted  pigeons.  The 
exceptions  are:  preparation  816,  three  fractions  (817,  820,  821)  derived  from  816,  and 
preparation  809.  Following  injections  of  these  preparations  the  beta  cells  were  es' 
sentially  normal. 

Changes  in  granule  content  and  size  of  alpha  cells  are  difficult  to  evaluate  for 
several  reasons.  Since  only  clear  effects  are  scored  in  the  table  it  is  probable  that 
marginal  effects  are  classffied  as  normal.  This  may  account  for  the  isolated  instances  of 
effect  among  groups  of  pigeons  receiving  the  same  injection  (table  2).  Two  A  fractions, 
790  and  804,  and  an  F  fraction  809  consistently  depleted  the  granules  of  alpha  cells. 
Occasional  mitoses  in  alpha  cells  were  observed.  In  one  pigeon  injected  with  a  large 
amount  of  839  the  alpha  cells  were  hypertrophied  and  fully  granulated;  mitoses  were 
frequent. 

Several  fractions  stimulated  the  delta  cells  both  in  normal  and  in  hypophysecto- 
mized  pigeons  (table  2,  fig.  9  and  10).  The  changes  were  similar  to,  but  more  marked 
than,  those  already  described  in  some  prolactin-treated  pigeons.  All  A  extracts,  pos¬ 
sibly  excepting  816,  all  C,  one  E  (808),  one  F  (809)  and  two  B  (805,  817)  preparations 
stimulated  the  delta  cells  quite  uniformly;  none  of  the  D  fractions  stimulated  delta 
cells  (table  2).  Preparation  818,  a  C  fraction,  was  the  most  active.  Subject  to  the 
limitations  of  the  tests,  it  appears  that  the  substance  stimulating  delta  cells  is  largely 
but  not  completely  precipitated  by  ammonium  sulfate  at  ^  saturation  and  tends  to 
be  in  fractions  insoluble  on  dialysis  (table  2).  Preparations  805  and  817  are  exceptions 
to  the  latter  statement.  The  substance  which  stimulates  delta  cells  does  not  seem  to 
be  correlated  with  any  one  of  the  hormones  for  which  assays  have  been  made. 
Although  stimulation  of  the  delta  cells  is  evident  as  early  as  10  hours  after  injection, 
the  response  is  greatest  after  2  to  4  daily  injections.  In  an  untabulated  test  9  birds  were 
killed  in  equal  numbers  after  2,  4  and  7  days  of  injection  with  a  mixture  of  three 
fractions  which  stimulate  delta  cells.  Here  delta  cell  stimulation  was  more  marked  at 
the  shorter  periods  of  treatment. 

Insulin.  Insulin,  which  reduced  food  consumption,  had  a  damaging  effect  upon 
beta  cells  which  was  increasingly  severe  with  length  of  treatment  (table  i,  fig.  6).  The 
effects  surpassed  those  resulting  from  hypophysectomy  and  fasting.  Delta  cells 
showed  an  early  transitory  stimulation,  but  after  prolonged  treatment  these  cells 
were  small,  inconspicuous  and  lightly  stained  (table  i).  Alpha  cells  were  consistently 
depleted  of  granules  after  3  daily  injections  in  normal  animals  and  after  5  daily  injec- 
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tions  in  hypophysectomized  pigeons  (table  i,  6g.  ii  and  la).  In  rats  (13)  small  daily 
doses  of  insulin  did  not  affect  the  beta  cells  and  large  doses  induced  adverse  changes; 
alpha  cells  were  unchanged. 


SPECIAL  DATA  AND  DISCUSSION 

The  observations  presented  here  do  not  suggest  that  the  pituitary  of  the  pigeon 
secretes  a  pancreatropic  (beta'Celhstimulating)  substance.  Although  hypophysectomy 
is  followed  by  degeneration  of  beta  cells,  a  diminished  food  intake  is  probably  the  im' 
mediate  cause;  when  food  consumption  is  maintained,  the  beta  cells  do  not  atrophy. 
Furthermore,  the  fasting  of  normal  pigeons  likewise  results  in  degeneration  of  beta 
cells  while  overfeeding  stimulates  them,  producing  a  cytological  picture  similar  to 
that  observed  in  partially  depancreatized  pigeons.  Prolactin,  which  soon  induces  in' 
creased  food  consumption,  stimulates  beta  cells  when  (at  2-7  days)  conditions  permit 
increase  of  food  intake;  in  glands  taken  at  10  and  24  hours  after  a  single  injection,  food 
was  restricted  to  15  gm.  given  24  hours  before  the  birds  were  killed.  Gonadotropin  and 
thyrotropin  have  no  evident  action.  Two  of  the  3  preparations  of  corticotropin  stimu' 
lated  beta  cells.  Large  doses  of  insulin  produce  a  greater  atrophy  of  beta  cells  than  does 
fasting.  These  data  suggest  that  the  activity  of  the  beta  cells  is  regulated  by  the  in' 
sulin  requirements  of  the  organism. 

Fasting  reduces  the  insulin  content  of  the  mammaUan  pancreas  (14);  beta  cells  are 
then  inactive  (15).  Although  beta  cells  may  increase  after  hypophysectomy  (9, 10)  the 
insulin  content  of  the  pancreas  is  not  greatly  changed  (16-21).  The  decreased  insulin 
content  observed  seems  to  be  the  result  of  diminished  food  intake  (17).  Insulin  in' 
jections  reduce  the  insuhn  content  of  the  pancreas  (22)  but  animals  made  diabetic  by 
injections  of  pituitary  extracts  will  recover  if  glycosuria  is  controlled  with  insulin 
(23).  The  unUke  effects  may  be  due  to  differences  in  dosage  (13). 

Injections  of  pituitary  extracts  may  either  increase  or  decrease  the  insulin  content 
of  the  pancreas  (16, 19,  21,  24-27)  and  may  stimulate  or  depress  the  beta  cells  (28-32). 
The  substance  producing  permanent  diabetes  in  the  dog  is  probably  not  the  same  as 
that  showing  insulin'increasing  (pancreatropic)  activity  in  the  rat  (25),  and  a  separa' 
tion  of  two  such  substances  is  reported  (27).  Prolactin  preparations  either  increased 
the  insuhn  content  (21,  26)  or  markedly  reduced  it  (27).  Growth  hormone  decreased 
the  insuhn  content  in  normal  rats  (21).  Gonadotropin,  thyrotropin  and  corticotropin 
are  probably  not  identical  with  the  substance  increasing  insuhn  in  rats  (21,  26).  In 
view  of  conflicting  evidence  as  to  whether  insuhn  content  is  correlated  with  body 
weight  (14,  19)  it  would  seem  desirable  to  report  insuhn  content  in  terms  of  a  group 
of  rats  or  per  pancreas  (as  some  have  done)  as  well  as  in  terms  of  body  weight.  Both 
dry  and  fresh  ammonium  sulfate  fractions  (containing  httle  prolactin)  usually  have  an 
adverse  effect  on  the  beta  cells  in  pigeons.  In  dogs  only  fresh  preparations  gave  ‘dia' 
betogenic’  effects  (12). 

Concurrent  studies  (33),  with  ammonium  sulfate  fractions,  on  animals  used  in  this 
report  and  on  other  animals  not  included  here  show  that  fractions  C,  B,  A  and  E  were 
the  most  potent  in  increasing  hver  fat  while  fractions  D  and  F  had  the  least  action. 
Delta  cell  activity  (table  2)  shows  a  similar  distribution.  When  the  two  sets  of  data 
were  compared  for  individual  birds  (unoperated  only)  57  pigeons  showed  delta  cell 
.  stimulation  and  an  elevated  (more  than  6  per  cent)  hver  fat,  44  showed  neither  re' 
sponse,  6  showed  delta  cell  stimulation  only,  and  17  an  increase  of  hver  fat  only.  This 
association  is  less  consistent  in  the  insuhn  and  prolactin'treated  pigeons,  but  all  cases 
of  delta  cell  stimulation  were  associated  with  an  increase  of  liver  fat.  Liver  fat  is  not 
maintained  at  a  high  level  with  large  daily  injections  of  insuhn  (33);  it  returns  to  a 
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nearly  normal  percentage  at  3  days  (total  fat  is  increased  in  the  hypertrophied  liver). 
At  that  time  delta  cells  are  small,  inconspicuous  or  decreased  in  number  (table  i). 
Further  work  will  be  necessary  to  establish  whether  the  activity  of  pituitary  extracts 
in  the  regulation  of  liver  fat  is  mediated  through  the  delta  cells  or  otherwise. 

Campbell  and  Keenan  (34)  report  that  prolactin,  FSH  and  corticotropin  prepara- 
tions  increased  the  liver  fat  of  mice  but  were  less  potent  than  their  special  (unpurified) 
fraction.  Their  active  substance  could  be  precipitated  at  60  per  cent  saturation  with 
ammonium  sulfate.  Our  gonadotropin,  thyrotropin  and  corticotropin  did  not  stimu' 
late  the  delta  cells;  prolactin  was  less  potent  than  several  ammonium  sulfate  fractions 
which  contain  very  little  prolactin. 

Any  relation  of  delta  cell  to  lipocaic  (35)  is  not  now  clear.  It  has  been  suggested 
that  alpha  cells  may  secrete  that  substance  and  some  experimental  work  may  support 
this  theory  (15).  In  two  dogs  injected  with  pituitary  extracts  a  coincidence  of  fatty 
livers  and  alpha  cell  degranulation  was  noted  (32).  No  relationship  of  alpha  cells  to 
liver  fat  was  apparent  in  the  pigeon. 

It  is  not  now  possible  to  attach  any  functional  significance  to  the  regular  depletion 
of  alpha  cell  granules  by  insulin,  by  a  few  ammonium  sulfate  preparations  and  by 
two  corticotropins.  The  adrenal  cortex  may  be  involved  in  this  action  since  insulin  is 
extremely  potent  in  stimulating  the  adrenal  of  the  pigeon  (36)  and  some  of  the  active 
ammonium  sulfate  preparations  were  injected  in  such  large  amounts  that  considerable 
corticotropin  was  administered. 

SUMMARY 

Three  types  of  islet  cells  are  identifiable  in  the  pigeon  pancreas.  In  young  Cameau 
pigeons  fasted  for  10  days,  or  hypophysectomized,  the  beta  cells  of  the  pancreas  seem 
inactive  or  degenerating.  Slight  changes  in  alpha  and  delta  cells  occur.  Force-feeding 
of  hypophysectomised  pigeons  maintains  a  normal  appearance  in  the  beta,  alpha  and 
delta  cells.  Overfeeding,  prolactin,  partial  pancreatectomy,  and  some  preparations  of 
corticotropin  stimulate  beta  cells;  gonadotropin  and  thyrotropin  have  no  effect. 
Large  doses  of  insulin  induce  a  marked  atrophy  of  beta  cells. 

Four  series  of  pituitary  extracts  obtained  by  fractional  precipitation  with  am¬ 
monium  sulfate  were  tested  in  normal  and  hypophysectomized  pigeons.  Some  de¬ 
generative  changes  in  the  beta  cells  became  apparent.  Stimulation  of  delta  cells  was 
observed  from  10  hours  after  a  single  injection,  to  24  hours  after  7  daily  injections  of 
certain  fractions.  The  substance  stimulating  the  delta  cells  is  most  concentrated  in 
material  precipitated  at  ^  saturation  and  tends  to  be  insoluble  on  dialysis.  There  is 
an  association  of  the  stimulating  action  of  these  fractions  on  delta  cells  and  their 
ability  to  increase  liver  fat.  Limited  stimulation  of  delta  cells  occurs  in  pigeons  treated 
with  prolactin  and  with  insulin.  The  actions  of  the  ammonium  sulfate  fractions  on 
delta  cells  are  not  directly  associated  with  any  one  of  the  hormones  known  to  be 
present. 

Granules  of  alpha  cells  are  markedly  depleted  by  insulin  and  less  markedly  by 
some  ammonium  sulfate  fractions  and  corticotropins.  The  adrenal  cortex  may  be  in¬ 
volved  in  this  effect. 

The  author  wishes  to  express  his  thanks  to  Dr.  Oscar  Riddle  for  providing  the  materials  for  this 
study  and  for  his  valuable  aid  and  criticism.  The  pituitary  extracts  used  were  prepared  and  assayed 
by  E>r8.  Bates  and  Riddle  in  this  laboratory.  . 
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FERTILITY  OF  AND  SEX  RATIOS  FROM  ADULT  FEMALE 
RATS  AND  RABBITS  TREATED  WHILE  IMMATURE  WITH 
GONADOTROPIC  HORMONE' 

/  L.  E.  CASIDA  AND  R.  L.  MURPHREE 

From  the  Department  of  Genetics,  University  of  Wisconsin 

MADISON,  WISCONSIN 

No  SPECIFIC  STUDY  seems  to  have  been  reported  as  to  the  effect  of  treatment  of 
the  parents  with  gonadotropic  hormones  upon  the  sex  ratio  of  the  offspring. 
Observations  incidental  to  other  studies  have  been  reported,  however,  by 
Kraft  (i)  and  by  Noyes  (2).  In  both  of  these  cases,  although  this  was  not  being  speci' 
fically  investigated,  it  was  noted  that  the  percentage  of  female  offspring  was  increased 
above  that  for  the  normal  animal.  In  Kraft’s  work  with  rats,  females  were  treated 
with  pituitary  preparations  before  the  time  of  natural  puberty.  The  precociously  ma¬ 
tured  females  were  then  bred  at  ages  ranging  from  50  to  60  days.  The  author  believed 
that  the  data  involved  were  sufficient  to  justify  the  conclusion  that  treatment  with 
pituitary  substance  tended  to  decrease  the  sex  ratio  and  seemed  also  to  believe  that 
continued  treatment  in  succeeding  generations  tended  to  produce  a  cumulative  de' 
pression  of  the  sex  ratio. 

Noyes  noted,  in  conjunction  with  the  injection  of  a  gonadotropic  preparation  of 
pregnant  mare  serum  into  minks,  that  50  of  55  offspring  which  were  produced  were 
females. 

There  is  no  obvious  reason  why  gonadotropic  hormones  should  affect  the  sex 
ratio  of  the  offspring  if  a  considerable  period  of  time  elapses  between  treatment  and 
the  time  of  mating.  It  is  conceivable  that  in  large  dosages  the  hormone  might,  through 
its  indirect  effect  upon  the  reproductive  tract  of  the  female,  make  conditions  more 
favorable  for  the  female^determining  sperm  when  mating  is  effected  during  the  time 
that  the  tract  is  being  stimulated.  One  would  have  to  postulate  effects  of  a  permanent 
nature,  however,  if  they  are  to  persist  over  a  period  of  a  month  or  more  until  mating, 
as  in  Kraft’s  work  with  rats. 

The  importance  of  these  observations  in  a  study  of  differential  fertilization  is 
apparent.  Incidental  observations,  however,  may  be  a  result  of  chance  and  it  has 
therefore  been  deemed  important  to  test  confirmation  by  specific  experiments. 

EXPERIMENTAL  ANIMALS  AND  PROCEDURE 

Sexually  immature  female  rats  and  rabbits  were  used  as  experimental  subjects. 
The  rats  were  31  days  of  age  at  the  time  they  received  the  pituitary  preparation  and 
the  rabbits  ranged  between  78  and  90  days  of  age  when  the  pituitary  preparations 
were  injected.  Sixty 'eight  rats  and  17  rabbits  were  treated;  10  of  the  rats,  however, 
died  before  breeding  age. 

No  attempt  was  made  to  mate  the  rats  until  they  were  50  days  of  age.  Mating 
Received  for  publication  July  2,  1942. 
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was  then  effected  at  the  first  opportunity.  The  rabbits  were  bred  25  to  50  days  after 
the  pituitary  treatment. 

The  rats  were  implanted  with  a  single  capsule^  of  acetone^desiccated  hog  anterior 
pituitary  powder.  Two  different  dosages  were  used.  The  smaller  (dosage  i),  was 
such  that  it  produced  ovaries  weighing  on  an  average  from  19  to  25  mg.  in  ji-dayold 
assay  rats.  Tlie  larger  dosage  on  similar  rats  (dosage  2,  containing  twice  the  weight  of 
powder  in  the  smaller  dosage)  gave  ovarian  weights  averaging  35  to  44  mg.  Ovaries 
of  untreated  rats  of  this  age  usually  weigh  less  than  15  mg.  The  implants  were  made 
subcutaneously  in  the  back  region. 

Eleven  of  the  rabbits  received  i  gm.'equivalent  per  day  of  an  unfractionated 
extract  of  sheep  pituitary  gland.*  This  treatment  was  continued  over  a  5'day  period, 
all  injections  being  made  subcutaneously.  Six  of  the  rabbits  received  i  gm. 'equivalent. 


Table  i.  Immature  female  rats  treated  with  hog  anterior 

PITUITARY  POWDER.  SUBCUTANEOUS  IMPLANTS 

Dosage 

No. 

Number  of 

Number  of  offspring 

Average 
Litter  Size, 

of  A.P. 

Bied 

Litters 

Male  Female 

Total 

%male 

Sex 

Determin- 

able 

None 

II 

II 

34  39 

73 

46.6 

6.6 

1 

30 

30 

95  86 

181 

51.5 

6.0 

a 

28 

28 

no  85 

195 

56.4 

6.9 

subcutaneously,  per  day  of  a  purified  follick'Stimulating  extract  over  a  5'day  period. 
One  gm.'equivalent  of  unfiactionated  pituitary  extract  was  administered  intrave- 
nously  on  the  6th  day.  Exploratory  laparotomies  were  performed  on  8  of  the  rabbits 
approximately  one  week  after  treatment  was  begun.  Large  numbers  of  corpora  lutea 
(20  or  more)  were  present  in  6  and  in  the  other  2  there  were  large  numbers  of  cystic 
follicles.  This  was  judged  to  be  a  feirly  marked  degree  of  stimulation. 

EXPERIMENTAL  RESULTS 

FouT'hundred  and  six  young  were  produced  by  the  58  female  rats  which  were 
treated  in  the  manner  described  above  and  which  lived  to  breeding  age.  However, 
on  only  376  (table  1)  offspring  was  it  possible  to  determine  the  sex.  This  was  due,  in 
part,  to  cannibalism  of  the  female  and  in  part  to  prenatal  mortality  and  disintegration 
of  the  fetuses.  Ten  of  those  lost  were  from  the  group  receiving  no  treatment,  20  on 
dosage  i  and  10  on  dosage  2.  Thirty  females  receiving  dosage  i  gave  birth  to  181  young, 
of  which  the  sex  was  distinguishable  (95  males'.  86  females).  Twenty'eight  females  on 
dosage  2  gave  birth  to  195  young,  for  which  sex  could  be  determined  (no  males:  85 
females).  In  neither  of  these  groups  does  the  sex  ratio  (52.5%  and  56.4%  male)  de' 
viate  significantly  from  the  normal  sex  ratio  of  the  colony,  which  is  52.11%  males, 
based  on  2,744  rats.  There  is,  however,  a  slight  difference  in  the  percentage  of  males 
from  that  of  the  ii  control  litters,  which  was  46.6  per  cent  male. 

The  average  size  of  the  litters  for  the  three  groups  (all  young  whether  born  dead 
or  ahve)  were  as  follows.  Those  receiving  a),  no  treatment,  7.5;  b),  dosage  i,  6.7;  and 


*  Thia  preparation  (capsule,  No.  5)  was  supplied  by  Eli  Lilly  d  Co.,  Indianapolis,  Ind. 

•  The  authors  wish  to  express  their  appreciation  to  Professors  W.  H.  McShan  and  R.  K.  Meyer  of 
the  Dept,  of  Zoology,  University  of  Wisconsin,  for  the  preparation  and  bioassay  of  the  various  pituitary 
extracts. 
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c),  dosage  2,  7.3.  It  appears  that  the  treatment  did  not  increase  significantly  the  size 
of  litters  of  the  treated  animals  above  that  of  the  controls.  Neither  did  it  affect  the 
fertility  of  the  treated  animals,  as  every  female  reaching  breeding  age  produced  a 
litter. 

As  previously  stated,  no  attempt  was  made  to  breed  these  females  before  50  days 
of  age.  Beginning  on  the  50th  day  of  age  both  the  untreated  and  treated  animals  were 
placed  with  males  and  left  there  until  palpated  as  pregnant.  The  mean  ages  at  which 
conception  occurred  in  the  three  groups  were  as  follows.  Those  a),  untreated,  56.4 
+ 1.54  days,  b),  receiving  dosage  i,  61.34  + 1.07  days  and  c),  those  receiving  dosage  2, 
62.04  +  1.68  days.  The  differences  between  the  untreated  and  the  experimental 
groups  are  statistically  significant. 

Seventeen  treated  female  rabbits  gave  birth  to  141  young  (66  males:  75  females) 
in  their  first  litters,  with  an  average  litter  size  of  8.3  (table  2).  In  order  to  check  the 


Table  a.  JuvENaE  female  rabbits  injected  with 

SHEEP  PITUITARY  EXTRACTS 
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fecundity  of  these  animals  further,  each  female  was  allowed  to  produce  a  second 
litter.  The  total  number  of  young  of  the  second  litters  was  134  (67  males: 67  females). 
The  percentages  of  males  for  first  and  second  litters,  respectively,  are  46.8  and  50.0 
but  the  difference  between  these  i.^  not  statistically  significant. 

If  the  figures  for  the  first  and  second  litters  are  grouped  together  there  is  a  total 
of  275  young  (133  males:  142  females),  giving  48.36  per  cent  of  males.  This  figure  does 
not  differ  significantly  from  the  normal  sex  ratio  of  50.  i  per  cent  males,  based  upon  6239 
offspring,  as  quoted  by  Kaven  (3). 

The  average  size  of  the  litters,  8.1,  is  within  the  range  of  variation  in  the  colony. 
The  age  in  days  at  which  the  female  rabbits  first  became  pregnant  ranged  from  112  to 
149,  with  a  mean  of  129.2  +  3.6.  No  controls  were  maintained  for  this  group  so  it  is 
not  known  definitely  whether  they  reached  sexual  maturity  earlier  than  untreated 
females.  All  females  which  were  treated  produced  two  litters. 

DISCUSSION 

There  was  no  evidence,  either  with  rats  or  with  rabbits,  that  treatment  of  the 
females  with  gonadotropic  hormones  affected  the  sex  ratio  of  the  offspring  when 
mating  was  made  approximately  20  days  later  in  the  rats,  and  from  25  to  50  days  later 
in  the  rabbits.  These  experiments,  therefore,  have  not  confirmed  the  incidental 
observations  of  Kraft  and  of  Noyes.  It  is  true  that  the  nature  of  the  gonadotropic 
preparations  and  the  manner  of  treatment  were  not  exactly  the  same  but  within  the 
range  of  these  experiments,  no  permanent  effects  upon  the  genital  tracts  of  the  treated 
females  were  demonstrated  which  differentially  affected  the  male  and  female^deter' 
mining  sperm. 

An  incidental  objective  of  the  study  was  the  determination  of  permanent  injurious 
effects  of  hypet'Stimulation  of  the  female  genital  organs  upon  subsequent  fertility. 
In  other  words,  did  the  treatment  delay  or  accelerate  the  onset'  of  puberty  as  a  pet' 
manent  characteristic  and  did  it  have  any  effect  upon  litter  size? 
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As  Stated  above,  it  does  not  seem  that  the  female  rats  attained  permanent  sexual 
maturity  any  earlier  than  untreated  females,  but  rather,  they  were  delayed  slightly 
as  indicated  by  the  average  ages  at  conception.  However,  attention  should  be  called 
to  the  fact  that  no  attempt  was  made  to  breed  these  animals  immediately  after  treat' 
ment.  The  vagina  of  the  rat  does  not  normally  open  until  shortly  before  the  time  she 
will  first  accept  the  male.  In  the  treated  females  the  vagina  was  open  at  50  days  of  age. 
It  is  entirely  possible  that  both  the  controls  and  treated  animals  would  have  bred 
earlier  if  given  the  chance,  since  many  of  them  showed  signs  of  estrus  shortly  after 
checking  was  begun  at  50  days  of  age. 

Cole  (4)  reports  that  in  immature  female  rats  treated  with  mare  gonadotropic 
hormone,  and  bred  within  72  hours  after  treatment,  superfecundity  can  be  produced 
and  the  number  of  viable  young  carried  to  term  can  be  increased  above  the  normal 
number.  He  also  states  that  there  is  no  apparent  deleterious  effect  from  this  early 
breeding.  No  harmful  effects  were  apparent  in  this  work,  as  evidenced  by  the  fact 
that  all  treated  females  which  were  bred  became  pregnant  and  produced  litters  of 
normal  size. 

In  the  case  of  the  treated  female  rabbits  there  was  probably  no  significant  differ- 
ence  in  litter  size  but  they  may,  however,  have  become  pregnant  at  a  shghtly  earlier 
age  than  untreated  females.  Sufficient  data  on  rabbits  of  the  same  strain  and  raised 
in  the  same  colony  are  not  available  from  which  to  draw  definite  conclusions.  Such 
data  as  are  available  for  the  colony  indicate  that  untreated  females  will  become  preg¬ 
nant  around  140  days  of  age;  no  untreated  females  have  been  tried  at  an  earlier  age. 
Hammond  (5)  has  found  that  the  age  at  which  does  will  become  pregnant  varies  with 
the  season  of  the  year.  Those  bom  from  October  to  December  will  become  pregnant 
around  160  days  of  age.  It  should  be  pointed  out,  however,  that  there  may  be  differ¬ 
ences  in  breeds  as  well  as  in  climatic  conditions  which  might  materially  change  this 
figure. 

SUMMARY 

Three  hundred  and  seventy-six  offspring  were  produced  by  58  female  rats  which 
had  been  treated  with  pituitary  gonadotropic  hormones  at  31  days  of  age.  These 
offspring,  which  resulted  from  matings  after  50  days  of  age,  showed  no  discrepancy 
from  normal  in  the  sex  ratio  (52.5  and  56.4  per  cent  males,  respectively,  for  offspring 
of  rats  on  two  different  dosage  levels  of  the  pituitary  preparation). 

One  hundred  forty-one  offspring  were  produced  by  17  female  rabbits  treated  with 
pituitary  extracts  75  to  90  days  of  age.  These  offspring,  resulting  from  matings 
25  to  50  days  later,  showed  a  male  percentage  of  46.8.  One  hundred  thirty-four  off¬ 
spring  produced  as  second  litters  by  these  same  females  showed  a  male  percentage  of 
50.0. 

No  impairment  of  the  breeding  capacity  of  these  females,  either  rats  or  rabbits, 
was  noticed  inasmuch  as  all  of  the  treated  females  produced  litters.  The  litter  sizes  in 
both  cases  were  comparable  to  those  for  the  rest  of  the  colony. 
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MONTREAL,  QUEBEC 

IT  HAS  BEEN  FOUND  that  during  the  involution  of  artificially  produced  deciduomata 
a  curious  structure  develops  in  the  mesometrial  wall  of  the  uterus  just  under' 
neath  the  insertion  of  the  deciduoma.  This  growth  has  been  named  the  ’’metrial 
gland’  (i).  Later  Selye  et  al.  (2)  noted  that  in  spayed  rats,  in  which  deciduomata  had 
been  produced  by  uterine  trauma  following  sensitization  with  progesterone,  the 
deciduomata  themselves  involuted  almost  completely  in  spite  of  continued  progeste' 
rone  treatment,  while  the  subsequently  formed  metrial  glands  were  maintained  by  this 
hormone.  Simultaneous  administration  of  estradiol  tended  to  counteract  the  effect  of 
progesterone  in  maintaining  the  metrial  gland.  These  experiments  showed  that  the 
metrial  gland,  just  as  is  the  deciduoma  itself,  is  dependent  upon  both  trauma  and 
hormonal  stimuli  for  its  formation  and  maintenance.  The  physiological  significance 
and  essential  nature  of  the  metrial  gland  is  still  inadequately  known.  However,  it  ap' 
pears  to  be  a  normal  structure  in  the  rat  since  it  develops  physiologically  beneath  the 
maternal  placenta.  On  the  other  hand,  its  abnormal  proliferation  and  its  ability  to 
spread  along  the  mesometrial  blood  vessels  into  the  broad  ligament  following  prO' 
gesterone  treatment,  suggest  that  a  knowledge  of  its  essential  nature  may  also  throw 
some  light  on  problems  of  pathological  growth  and  tumorigenesis.  For  these  reasons 
we  felt  that  further  studies  concerning  the  hormonal  control  of  the  metrial  gland 
would  be  desirable.  In  the  present  communication  we  wish  to  report  a  series  of  ex' 
periments  which  were  designed  to  determine  whether  steroids  other  than  estradiol 
would  inhibit  the  stimulating  effect  of  progesterone  on  the  metrial  gland,  and  whether 
there  are  steroids  other  than  progesterone  which  are  capable  of  maintaining  growth  of 
the  metrial  gland. 

In  the  first  experimental  series  5  groups  of  albino  rats  were  used,  the  rats  weighing 
180  to  270  gm.  each.  Each  of  these  groups  consisted  of  6  spayed  females  which  were 
sensitized  by  a  single  subcutaneous  injection  of  10  micrograms  of  estradiol  on  the  day 
following  ovariectomy.  Beginning  the  next  day  they  received  2  mg.  of  progesterone 
in  o.i  cc.  of  peanut  oil  subcutaneously  twice  daily  on  8  consecutive  days.  On  the 
5th  day  following  initiation  of  progesterone  treatment  the  left  uterine  horn  was  ex' 
posed  and  the  endometrium  traumatized  by  scratching  with  a  needle.  Three  days 
later,  that  is  on  the  8th  day  of  progesterone  treatment,  the  uteri  were  inspected  by 
laparotomy  and,  after  elimination  of  the  few  animals  in  which  obvious  deciduomata 
did  not  develop,  the  5  groups  were  treated  as  follows.  Group  i,  progesterone  treat' 
ment  discontinued;  group  2,  progesterone  treatment  continued  at  same  dosage  level; 
group  3,  progesterone,  as  in  group  2,  plus  i  mg.  of  testosterone,  twice  daily,  sub' 
cutaneously,  in  o.i  cc.  of  peanut  oil;  group  4,  progesterone,  as  in  group  2,  plus  i  mg.  of 
desoxycorticosterone  acetate,  twice  daily,  subcutaneously,  in  ai  cc.  of  peanut  oil; 
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group  5,  progesterone  as  in  group  2,  plus  i  mg.  of  pregnenolone  (i7'ethyl'A®'andrO' 
stene'503)'ol'2O'One  having  a  melting  point  of  i85°C.)  twice  daily,  subcutaneously, 
in  o.i  cc.  of  peanut  oil. 

Six  days  after  laparotomy  and  the  change  in  treatment  the  animals  of  all  7  groups 
were  killed  and  the  uteri  macroscopically  and  histologically  examined.  Naked-eye 
inspection  revealed  that  in  the  rats  in  group  i  (in  which  all  treatment  had  been  inter- 
rupted)  both  the  deciduomata  and  the  metrial  glands  underwent  almost  complete 


Fig.  I.  Representative  uteri  from  each  group  of  the  first  experimental  series.  Note  that  non- 
traumatized  right  uterine  horn  shows  no  tumor  formation.  The  left  horns  (on  right  side  in  picture)  of 
all  but  the  first  uterus  show  marked  development  of  metrial  glands  which  protrude  deep  into  the  meso- 
metrium  and  are  always  localized  in  the  lower  (mesometrial)  wall.  Reading  from  top  to  bottom  the  uteri 
belong  to  the  groups  treated  as  follows:  i,  progesterone  discontinued;  2,  progesterone  continued;  3, 
progesterone  and  testosterone;  4,  progesterone  and  desoxycorticosterone  acetate;  5,  progesterone  and 
pregnenolone.  Fig.  2.  Representative  uteri  from  each  group  of  the  second  experimental  series.  Reading 
from  top  to  bottom  they  are  arranged  as  follows:  i,  progesterone  discontinued  and  no  further  treatment 
given,  metrial  glands  failed  to  develop;  2,  progesterone  discontinued  and  estradiol  given,  uterus  greatly 
distended  but  no  metrial  gland;  3,  progesterone  continued  and  estradiol  given,  uterus  greatly  distended 
with  only  small  metrial  glands;  4,  progesterone  continued  with  no  other  treatment;  note  weU>dcveloped 
metrial  glands;  5,  progesterone  discontinued,  desoxycorticosterone  acetate  given,  well  developed  metrial 
glands;  6,  progesterone  discontinued,  testosterone  given,  well-developed  metrial  glands;  7,  progesterone 
discontinued,  pregnenolone  given,  well-developed  metrial  glands. 

involution,  while  in  groups  2,3,4  and  5  the  metrial  glands  were  well  maintained  as  a 
result  of  continued  progesterone  administration  (see  fig.  i).  We  had  to  conclude,  there¬ 
fore,  that  testosterone,  desoxycorticosterone  acetate  and  pregnenolone  were  unable 
to  counteract  the  action  of  progesterone  in  maintaining  the  metrial  gland  even  in  the 
comparatively  high  dosages  in  which  these  hormones  were  administered.  It  is  note¬ 
worthy  that  although  the  endometrial  trauma  was  always  uniformly  applied  along 
the  length  of  the  uterus,  the  metrial  gland  tissue  developed  in  the  shape  of  separate 
individual  growths.  We  also  wish  to  emphasize  that  the  metrial  glands  invariably 
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developed  in  the  mesometrial  side  of  the  uterus  irrespective  of  the  site  of  the  eliciting 
trauma. 

In  a  second  experimental  series  7  groups  of  albino  rats  were  used,  the  rats  weigh' 
ing  160  to  190  gm.  each.  Each  of  these  groups  consisted  of  7  spayed  females  sensitized 
for  deciduoma  production  by  the  technic  of  Masson  (3)  which  gives  a  positive  re- 
sponse  in  almost  100  per  cent  of  the  animals.  In  accordance  with  this  procedure  the 
rats  received  daily  subcutaneous  injections  for  5  days  of  i/zg.  of  estradiol,  the  treat' 
ment  being  begun  on  the  second  day  after  ovariectomy.  Subsequent  progesterone 
treatment,  uterine  trauma  on  the  5th  day,  as  well  as  inspection  by  laparotomy  on  the 
8th  day  of  progesterone  treatment,  were  performed  in  the  same  manner  as  in  the 
previous  experimental  series.  Of  all  the  experimental  animals  in  this  group  only  i  had 
to  be  eliminated  because  of  failure  to  develop  an  obvious  deciduoma.  Beginning  on  the 
day  following  laparotomy,  the  7  groups  were  treated  as  follows.  Group  i,  progeste' 
rone  treatment  discontinued;  group  2, 250  /ig.  of  estradiol  twice  daily,  subcutaneously, 
in  o.i  cc.  of  peanut  oil,  progesterone  discontinued;  group  3,  250  jug-  of  estradiol  and 
2  mg.  of  progesterone  both  twice  daily  in  o.i  cc.  of  peanut  oil;  group  4,  progesterone 
treatment  continued  at  the  same  dosage  level;  group  5,  i  mg.  of  desoxycorticosterone 
acetate  twice  daily,  subcutaneously,  in  0.1  cc.  of  peanut  oil,  progesterone  discon' 
tinned;  group  6,  i  mg.  of  testosterone  twice  daily  sulxutaneously,  in  0.1  cc.  of  peanut 
oil,  progesterone  discontinued;  group  7,  i  mg.  of  pregnenolone  twice  daily,  subcu' 
taneously,  in  0.1  cc.  of  peanut  oil,  progesterone  discontinued.  Six  days  after  the 
laparotomy  and  the  change  in  treatment,  the  animals  of  all  7  groups  were  killed  and 
the  uteri  macroscopically  and  histogically  examined. 

Macroscopic  inspection  sufficed  to  show  that  the  non'traumatized  uterine  horn 
did  not  exhibit  any  growths.  The  traumatized  horn  showed  different  types  of  re' 
actions  depending  upon  the  treatment  given.  In  group  i  (in  which  all  treatment  had 
been  interrupted)  both  the  deciduomata  and  the  metrial  glands  underwent  complete 
insolution  and  the  uterus  was  atrophic,  just  as  in  the  corresponding  group  of  the 
previous  series.  In  group  2  (which  received  estradiol  only)  both  horns  were  greatly 
distended  with  fluid,  but  the  metrial  glands  had  undergone  such  involution  that  they 
were  no  longer  detectable  by  naked  eye  inspection.  In  group  4  (progesterone),  5 
(desoxycorticosterone  acetate)  and  7  (pregnenolone)  the  metrial  glands  were  very 
well  developed,  while  in  group  3  (estradiol  and  progesterone)  the  metrial  glands  were 
comparatively  small  except  in  one  instance  (see  fig.  2). 

It  appears,  therefore,  that  testosterone,  desoxycorticosterone  acetate  and  preg' 
nenolone  as  well  as  progesterone  have  the  ability  to  maintain  the  growth  of  metrial 
gland  tissue.  Estradiol  has  no  such  effect;  indeed,  it  tends  to  counteract  the  stimulat' 
ing  action  of  the  above'mentioned  steroids. 

It  will  be  recalled  that  testosterone,  desoxycorticosterone  acetate  and  pregneno' 
lone  are  all  endowed  with  some  degree  of  luteoid  activity,  as  judged  by  their  ability 
to  cause  progestational  proliferation.  It  appears  probable,  therefore,  that  maintenance 
of  the  metrial  gland  is  merely  another  manifestation  of  luteoid  activity.  However,  the 
question  may  be  asked  that,  if  these  compounds  are  luteoids,  why  was  it  necessary  in 
our  experiments  to  use  progesterone  during  the  pretreatment  period  as  a  sensitizing 
agent  for  the  production  of  the  deciduomata?  This  was  necessary  because  no  steroid, 
other  than  progesterone,  sensitizes  the  rat  uterus  sufficiently  to  permit  deciduoma 
formation  following  uterine  trauma  with  any  degree  of  certainty.  It  has  been  shown 
that  comparatively  small  doses  of  estradiol,  given  with  progesterone  during  the  pre' 
treatment  period,  suffice  to  interfere  with  the  action  of  progesterone  in  producing 
deciduoma  (2).  It  is  quite  possible,  therefore,  that  the  slight  folliculoid  activity,  which 
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all  hormonally  active  steroids  exhibit  (4)  may  account  for  the  fact  that  compounds 
other  than  progesterone  are  unsuited  for  the  sensitization  of  the  uterus  to  the  decidu' 
omatous  response.  It  is  of  particular  interest  to  note,  however,  that  maintenance  of 
the  metrial  gland  by  progesterone  is  not  readily  neutralized  by  estradiol,  and  hence 
this  type  of  luteoid  effect  can  be  detected  even  in  those  steroids  which,  in  addition 
to  their  luteoid  effect,  are  also  endowed  with  a  considerable  amount  of  folliculoid 
activity. 

Further  studies  will  be  necessary  to  elucidate  the  pharmaccHchemical  correlations 
governing  the  action  of  the  steroids  in  stimulating  the  metrial  gland.  However,  even 
this  small  series  of  experiments  suffices  to  show  that  among  the  chemical  characteris' 
tics  of  progesterone  neither  the  a'/3  unsaturated  ketonic  group  (which  is  absent  in 
pregnenolone)  nor  the  17'ethyl  side^chain  (which  is  absent  in  testosterone)  are  es' 
sential  for  the  formation  and  maintenance  of  the  metrial  gland. 

SUMMARY 

Metrial  gland  tissue  can  be  maintained  in  the  spayed  rat  for  a  considerable  length 
of  time  by  continuous  progesterone  treatment,  fetradiol  tends  to  counteract  this 
effect,  while  testosterone,  desoxycorticosterone  acetate  and  pregnenolone  do  not 
antagonize  it. 

Testosterone,  desoxycorticosterone  acetate  and  pregnenolone  as  well  as  proges' 
terone  can  prevent  the  involution  of  metrial  glands  in  the  spayed  but  otherwise  un- 
treated  rat. 

The  present  experimental  series  confirms  the  view  that  the  metrial  gland  cells  are 
directly  under  hormonal  control.  It  appears  most  probable  that  the  ability  of  a  steroid 
to  maintain  the  metrial  glands  of  gonadectomized  females  is  merely  a  special  mani' 
festation  of  its  luteoid  activity. 

The  cost  of  these  investigations  was  defrayed  from  the  Hoffmann'LaRoche  Fund 
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That  there  is  a  disparity  between  the  liver-glycogen  content  in  the  male  and 
female  has  been  known  for  some  time.  Thus,  Greisheimer  (i),  studying  the 
effect  of  various  dietary  constituents  on  glycogen  formation,  found  higher 
concentrations  of  glycogen  in  the  hvers  of  male  rats  than  in  those  of  females,  particu¬ 
larly  after  the  feeding  of  lard  and  of  glycerol.  Likewise,  Stohr-(2)  reported  that,  with 
the  exception  of  very  old  animals,  the  livers  of  males  consistently  maintained  a  higher 
level  of  glycogen  after  various  periods  of  fasting.  Similar  differences  were  observed 
by  Sjogren  (3)  during  the  course  of  an  investigation  of  the  diurnal  variations  in  the 
glycogen  content  of  the  livers  of  male  and  female  rabbits. 

More  recently,  Deuel,  Gulick,  Grunewald  and  Cutler  (4)  administered  measured 
amounts  of  glucose  by  stomach  tube  to  male  and  female  rats  and  determined  the 
liver 'glycogen  content  after  fasting  the  animals  for  o,  24,  48  and  72  hours.  A  higher 
level  of  liver  glycogen  was  found  in  all  males,  except  for  those  animals  that  were 
killed  without  fasting.  Females,  on  the  other  hand,  showed  a  higher  percentage  of 
liver  fats  in  all  cases.  In  a  later  study,  Deuel,  Hallman,  Murray  and  Samuels  (5)  gave 
rats  repeated  doses  of  600  mg.  of  glucose  per  100  gm.  of  body  weight  at  2-hour  inter¬ 
vals,  and  again  noted  a  greater  deposition  of  glycogen  in  the  livers  of  the  males.  They 
concluded  that  in  spite  of  a  greater  rate  of  glucose  absorption  from  the  gastrointes¬ 
tinal  tract  of  the  female,  the  difference  in  the  level  of  liver  glycogen  must  be  due  to  a 
difference  in  the  degree  of  glycogenesis  in  the  two  sexes. 

Sex  differences  in  acetone-body  excretion  have  also  been  established  under  various 
conditions.  Deuel  and  Gulick  (6)  reported  that  on  the  third  and  fourth  day  of  fasting, 
the  acetone-body  excretion  by  human  females  was  approximately  three  times  greater 
than  that  of  human  males  fasted  for  the  same  number  of  days.  Similarly,  aggravation 
of  endogenous  ketosis  by  administration  of  extracts  of  the  anterior  pituitary  gland 
(7),  ether  anesthesia  (8),  or  previous  diets  high  in  fat  (9)  results  in  a  greater  ketonuria 
in  the  female  animal. 

Deuel  and  his  co-workers  were  the  first  to  correlate  the  sex  difference  in  concen¬ 
tration  of  liver  glycogen  with  the  extent  of  acetone-body  excretion.  They  postulated 
that  the  greater  acetonuria  in  fasting  females  was  indicative  of  a  smaller  degree  of 
oxidation  of  acetone  bodies  which,  in  turn,  was  due  to  a  lowered  availability  of  car¬ 
bohydrate  for  simultaneous  oxidation.  However,  such  an  hypothesis  is  not  in  accord 
with  the  recent  studies  of  others  (10,  ii). 

In  a  series  of  experiments  on  acetone-body  utilization  we  demonstrated  that  the 
actual  utilization  of  acetone  bodies  is  identical  in  both  male  and  female  rats  (12). 

Received  for  publication  July  ii,  194a. 

Presented  in^art  before  the  American  Physiological  Society,  April,  1941,  Chicago,  Ill. 

*  Submitted  for  partial  fulfillment  for  requirements  for  degree  of  Doctor  of  Philosophy,  Department 
of  Biological  Chemistry,  University  of  Cincinnati. 


5J4  ISABELLE  GRAYMAN,  NORTON  NELSON  AND  1.  ARTHUR  MIRSKY  Volume  ji 


Hence  it  appeared  possible  that  the  greater  acetonuria  and  acetonemia  in  fasting 
females  was  due  to  a  greater  spontaneous  production  of  acetone  bodies  by  the  liver  in 
this  sex.  Since  the  most  important  stimulus  for  an  increase  in  the  production  of  ace' 
tone  bodies  is  associated  with  a  depletion  of  the  glycogen  concentration  of  the  liver 
to  some  minimal  level,  a  more  rapid  loss  of  glycogen  in  the  female  could  explain  the 
earlier  appearance  of  acetone  bodies  in  this  sex.  Therefore,  it  became  of  interest  in 
this  regard  to  study  the  cycle  of  glycogen  synthesis  and  breakdown  over  a  relatively 
short  period  of  time  in  intact  male  and  female,  as  well  as  castrated  male  and  testoster' 
one'injected  female,  rats. 

METHOD 

The  animals  studied  were  divided  into  four  groups,  49  normal  males,  46  normal 
females,  30  castrated  males,  and  19  testosterone'injected  females.  The  normal  male 


Table  i.  Influence  of  sex  on  glycogen  deposition  in  liver  of  rats 


Hours 

After 

Glucose 

Injection 

Sex 

No. 

of 

Ani' 

mals 

Average 

Weight, 

gm. 

Average 
Weight  of 
Liver, 
gm. 

Glucose 
Injection 
5.5%. 
av.  cc. 

Average 

Blood'Sugar 

Value 

mg.% 

Liver 

Glycogen, 

% 

Normal  male 

9 

■SI 

4-51 

0 

65 

O.IO 

0 

Normal  female 

6 

4.38 

0 

68 

O.OJ 

Castrate  male 

5 

Kl 

4-44 

0 

65 

0.03 

Test.'female^ 

3 

mm 

0 

50 

0.04 

1-5 

Normal  male 

10 

128 

4.90 

4.6 

105 

1.25 

Normal  female 

10 

117 

4- 15 

4-3 

101 

0.87 

Normal  male 

10 

lai 

4-57 

4-3 

92 

1.48 

3-0 

Normal  female 

10 

117 

4.11 

4-3 

86 

1.24 

Castrate  male 

10 

133 

4.56 

4-8 

78 

1.25 

Test.'female* 

8 

90 

3-3 

67 

1. 17 

4-5 

Normal  male 

10 

120 

4.50 

4-3 

84 

1-55 

Normal  female 

10 

116 

4.11 

4.a 

78 

1.07 

Normal  male 

10 

131 

4-75 

4-7 

87 

1-35 

6.0 

Normal  female 

10 

115 

4.00 

4.a 

73 

0.64 

Castrate  male 

15 

122 

404 

4-4 

67 

0.77 

Test.'temale* 

8 

97 

3-8 

70 

0.45 

*  Treated  with  testosterone  propionate. 


and  female  rats  weighed  an  average  of  125  gm.  and  113  gm.  respectively,  and  were 
raised  on  a  stock  diet.  The  operated  males,  castrated  shortly  after  weaning,  were 
studied  one  month  after  castration.  The  testosterone'injected  females  received  daily 
injections  of  1.25  mg.  of  testosterone  propionate*  for  a  period  of  one  month,  started 
shortly  after  weaning. 

The  experimental  procedure  consisted  in  the  withdrawal  of  food  from  the  ani' 
mals  for  18  hours,  after  which  time  a  subcutaneous  injection  of  5.5  per  cent  of  glucose 
was  made  in  a  dose  of  200  mg.  per  100  gm.  of  body  weight.  .This  amount  of  glucose 
was  sufficiently  large  to  cause  a  significant  deposition  of  glycogen  in  the  liver,  but 
-  small  enough  to  permit  the  observation  of  the  early  aspects  of  glycogen  loss  from  this 
organ.  At  the  same  time,  the  size  of  the  dose  did  not  produce  a  rise  in  the  blood  sugar 


•  We  arc  indebted  to  Dr.  E.  Schwenk  of  Schering  Corp.,  Bloomfield,  N.  J.  for  the  testosterone  pro' 
pionate  and  to  Eli  Lilly  6^  Co.,  Indianapolis,  Ind.,  for  generous  supplies  of  sodium  amytal. 
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to  levels  at  which  loss  in  the  urine  could  occur.  The  control  animals  were  given  no 
injection,  but  were  immediately  anesthetized  with  sodium  amytal  and  killed.  The 
glucosednjected  normal  rats  were  killed  in  this  manner  at  1.5,  3,  4.5,  and  6  hour 
intervals,  while  the  castrated  males  and  testosterone-treated  females  were  killed  at 
3  and  6  hours. 

Blood  was  collected  after  decapitation,  and  duplicate  hver  samples  were  removed 
and  placed  in  tared  tubes  containing  25  per  cent  KOH.  The  interval  of  time  from  the 
decapitation  to  the  immersion  of  the  hver  samples  in  the  alkali  was  always  within 
40  seconds.  The  liver  glycogen  was  determined  by  the  method  of  Good,  Kramer  and 
Somogyi  (13),  and  the  blood  sugars  by  a  modification  of  the  Schaffer,  Hartmann,  So- 
mogyi  procedure  (14). 

RESULTS 

The  results  are  detailed  in  table  i  and  illustrated  in  figure  i.  It  may  be  noted 
that  after  an  18'hour  fast  there  were  no  significant  differences  in  the  concentration  of 
glycogen  in  the  livers  of  male,  female,  castrated  male  and  testosterone-treated  female, 
rats.  The  blood-sugar  concentrations,  likewise,  were  of  the  same  magnitude  in  all 


Fig.  I.  Influence  of  sex  on  concentration  of  liver  glycogen  consequent  to  the  administration  of  a 
standard  amount  of  glucose  at  zero  time  (see  text). 

groups  except  for  the  group  of  testosterone-injected  females  which  showed  a  some¬ 
what  lower  value. 

A  difference  in  the  glycogen  concentration  in  the  Uvers  of  normal  male  and  female 
rats  became  apparent  1.5  hours  after  the  injection  of  glucose.  Statistical  analysis  of 
these  data  reveals  that  the  ratio  of  the  difference  of  the  means  to  the  standard  error 
of  the  deviation  is  3.85,  which  is  statistically  reliable.  The  average  blood-sugar  levels 
showed  no  significant  difference. 

Three  hours  after  the  injection  of  glucose,  the  glycogen  concentration  in  the  liver 
of  the  female  rats  was  somewhat  lower  than  that  of  the  normal  males,  but  the  differ¬ 
ence  is  not  statistically  significant.  The  blood-sugar  concentrations  were  of  the  same 
order  in  both  sexes.  In  the  same  interval,  the  concentration  of  liver  glycogen  of  the 
castrated  male  and  testosterone-injected  female  rats  was  the  same  as  that  of  the  normal 
females,  while  the  blood-sugar  levels  were  somewhat  lower  than  that  of  the  normal 
males  and  females. 

At  4.5  hours  after  the  glucose  administration  a  difference  was  noted  in  the  normal 
animals,  in  that  the  females  had  a  lower  concentration  of  glycogen  in  the  hver  as  well 
as  a  somewhat  lower  blood-sugar  level.  Six  hours  after  the  injection  of  glucose  this 
difference  was  more  apparent  since  the  hver-glycogen  concentration  of  the  normal 
females  had  dropped  to  about  50  per  cent  of  that  of  the  normal  males  (reliabihty  of 
difference  being  4.53),  while  the  blood  sugar  was  15  mg.  lower.  The  ratio  of  the 
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difference  of  the  means  of  the  blood'Sugar  values  to  the  S.E.D.  is  2.81,  which  may  be- 
come  statistically  reliable  with  a  larger  group  of  animals.  At  this  same  interval  the 
liver  glycogen  of  the  castrated  males  had  decreased  to  0.77  per  cent,  and  that  of  the 
testosterone'injected  females  to  0.45  per  cent. 

DISCUSSION 

The  data  reveal  a  definite  difference  between  the  ‘glycogen  curves’  of  normal  male 
and  female  rats  (fig.  i)  and  are  in  accord  with  the  observations  of  Deuel  and  his 
co-workers  (5).  The  glycogen  concentration  of  the  Ever  at  any  one  time  is  dependent 
upon  the  dynamic  balance  between  glycogenesis  and  glycogenolysis,  and  since  there 
was  no  statistically  significant  difference  in  the  levels  of  liver  glycogen  of  the  normal 
male  and  female  rats  3  hours  after  glucose  injection,  it  is  possible  that  the  rate  of 
glycogenesis  is  the  same  in  both  sexes. 

The  findings  at  the  4.5'hour  and  6'hour  intervals  after  the  injection  suggest  that 
the  observed  sex  difference  in  the  content  of  Uver  glycogen  may  be  due  to  a  greater 
rate  of  glycogenolysis.  In  view  of  the  fact  that  the  relatively  low  blood-sugar  level 
of  the  female  rat  does  not  reflect  a  greater  rate  of  hepatic  glycogenolysis,  it  is  possible 
that  either  the  extrahepatic  tissues  of  the  female  rats  have  a  greater  avidity  for  carbo¬ 
hydrate  or,  that  the  carbohydrate  is  more  rapidly  converted  to  some  other  substance, 
presumably,  fat.  The  feet  that  the  rate  of  oxygen  consumption  is  relatively  less  in 
the  female  than  in  the  male  rat  (15)  obviates  the  possibility  of  a  greater  rate  of  oxida¬ 
tion  by  the  extrahepatic  tissues  (muscles). 

The  possibility  that  a  larger  amount  of  glycogen  is  deposited  in  the  muscles  of  the 
female  than  the  male  is  not  precluded,  although  we  have  no  data  concerning  this 
point.  Deuel  et  al.  do  not  regard  their  data  on  muscle  glycogen  as  favoring  such  a 
possibility.  Neither  do  we  have  any  evidence  that  the  female  rat  stores  fat  much 
more  rapidly  than  does  the  male.  However,  either  a  greater  storage  of  glycogen  in  the 
muscles  or  a  greater  rate  of  conversion  of  carbohydrate  to  fat  would  increase  the  rate 
of  depletion  of  hepatic  glycogen  after  carbohydrate  administration.  This  implies  that 
glycogenesis  in  the  female  is  not  necessarily  slower,  but  that  the  carbohydrate  is 
removed  rapidly  from  the  sphere  of  activity.* 

In  an  attempt  to  determine  the  hormonal  basis  for  the  sex  difference  in  liver  gly¬ 
cogen,  Gulick,  Samuels  and  Deuel  (17)  removed  the  ovaries  from  female  rats  but  could 
not  demonstrate  significant  alterations  in  the  female  response.  Hence,  it  is  all  the 
more  interesting  to  note  that  castration  of  the  male  results  in  a  ‘female’  response  to 
administered  glucose  (fig.  i). 

The  fact  that  the  curve  of  liver  glycogen  of  the  castrated  males  is  similar  to  that 
of  the  females  suggests  the  possibility  that  the  male  gonads  inhibit  either  a),  the  rate 
of  hepatic  glycogenolysis,  b),  the  rate  of  muscle  glycogen  formation,  or  c),  the  rate  of 
fat  formation.  This  hypothesis  does  not  receive  support  from  the  observation  that 
methyl  testosterone  administration  to  the  female  did  not  produce  a  ‘male’  type  of 
response.  In  fact,  the  effect  of  methyl  testosterone  administration  was  to  cause  a 
slight  depletion  of  the  liver  with  respect  to  glycogen  rather  than  an  increase,  a  re¬ 
sponse  similar  to  that  observed  by  Lewis  and  McCullagh  (18)  in  both  rats  and  human 
beings.  However,  when  they  administered  testosterone  propionate,  an  increase  in 

•  In  order  to  test  the  hypothesis  that  the  difference  in  the  concentration  of  hepatic  glycogen  between 
males  and  females  is  due  to  a  more  rapid  conversion  to  fat  in  the  latter,  a  group  of  rats  were  put  on  a 
thiamine  deficient  diet.  McHenry  (16)  has  shown  that  such  a  diet  impairs  the  conversion  of  carbohydrate 
to  fat,  h^e  it  would  also  prevent  the  more  rapid  disappearance  of  glycogen  from  the  female  liver. 
The  data  that  were  obtained  were  quite  erratic  but  a  number  of  female  rats  showed  ‘male’  responses 
which  lends  tentative  support  to  the  above  mentioned  possibility. 
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liver  glycx)gen  occurred.  Hence,  the  effects  of  methyl  testosterone  may  be  of  pharma¬ 
cologic  rather  than  physiologic  significance  and  require  further  study. 

The  most  plausible  hypothesis  deduced  from  our  data  on  the  normal  males,  fe¬ 
males  and  castrated  males  is  in  accord  with  the  fact  that  females  show  a  greater 
tendency  to  obesity,  ketogenesis  and,  in  the  human  being,  a  greater  incidence  of  dia¬ 
betes  mellitus.  It  is  possible  that  the  three  phenomena  are  interrelated  and  that  fur¬ 
ther  studies  may  elucidate  the  r61e  of  the  gonads,  and  particularly  that  of  the  testes, 
in  carbohydrate  and  fat  metabolism. 


SUMMARY 

1.  Consequent  to  the  administration  of  glucose,  female  rats  show  a  slower  in¬ 
crease,  and  subsequently  a  greater  decrease  in  the  glycogen  concentration  of  the  hver 
and  in  the  blood  sugar  than  do  male  rats  similarly  treated. 

2.  The  administration  of  glucose  to  castrated  male  rats  produces  effects  similar 
to  those  observed  in  normal  females. 

3.  The  administration  of  testosterone  to  female  rats  does  not  alter  significantly 
the  response  to  administered  glucose. 

4.  The  hypothesis  is  proposed  that  the  female  rat  either  stores  glycogen  in  the 
muscles  to  a  greater  degree  or  converts  carbohydrate  to  fat  at  a  more  rapid  rate  than 
does  the  male,  and  that  the  testes  produce  some  factor  which  inhibits  either  of  these 
processes. 
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ENDOCRINE  ACTION  OF  THYROGLOBULIN 
ANTIBODIES 


JACX)B  LERMAN 

From  the  Thyroid  Clinic  of  the  Massachusetts  General  Hospital 

BOSTON,  MASSACHUSETTS 

The  antigenic  properties  of  thyroglobulin  have  been  studied  at  various  times 
since  its  isolation  from  the  thyroid  by  Hutchison  in  1896  (i).  The  early  at' 
tempts  in  this  field  dealt  with  the  production  of  cytotoxic  serum  specific  for 
the  thyroid,  using  whole  thyroid  or  a  crude  extract  thereof  as  the  antigen.  Some  of 
these  experiments  were  successful  (2-6);  others  were  unsuccessful  (7).  Most  of  the 
investigators  were  able  to  demonstrate  the  presence  of  specific  agglutinins  and  pre- 
cipitins  in  the  antisera,  as  well  as  cytolysins.  Portis  (4)  and  Beebe  (6)  used  thyroglo' 
bulin,  as  well  as  whole  thyroid,  as  the  antigen.  Rogers  and  Beebe  (8)  made  the  inter' 
esting  observation  that  rabbits  injected  with  antiserum  tolerated  thyroid  protein 
administered  parenterally  better  than  uninjected  animals,  indicating  that  the  anti' 
serum  possessed  antihormonic  properties.  They  went  further  and  treated  patients 
having  exophthalmic  goiter  by  means  of  antiserum  to  human  thyroid. 

The  properties  of  thyroglobulin  as  an  antigen  were  re'investigated  by  Hektoen 
and  associates  (9, 10)  and  by  Lerman  (ii).  The  former  demonstrated  that  thyroglobu' 
hn  antibodies  were  not  ‘species'specific’  but  rather  ‘organ'specific.’  The  physiological 
properties  of  antithyroglobulin  serum  were  studied  by  Schulhof  (12)  and  by  Rosen 
and  Marine  (13).  Both  groups  demonstrated  that  the  antiserum  did  not  antagonise 
the  physiologic  properties  of  thyroglobulin.  On  the  other  hand,  evidence  has  been 
recently  presented  in  a  preliminary  report  (14),  that  antithyroglobulin  serum  is  truly 
antihormonic.  It  is  the  purpose  of  the  present  report  to  add  to  this  evidence  and  to 
discuss  its  significance. 

METHODS  AND  MATERIALS 

Rabbits  were  injected  with  human  thyroglobulin  intraperitoneally  in  varying 
dosages  and  the  metabolic  rate  determined  frequently  in  a  closed  chamber.^  The  in' 
jections  were  given  in  a  manner  designed  to  enhance  the  antigenicity  of  the  thyroid 
protein.  Thus,  they  were  usually  given  on  3  successive  days  followed  by  a  rest  period 
of  4  days.  The  dose  per  injection  was  usually  0.35  to  0.5  mg.  of  iodine.  The  effect  on 
the  metabolism  was  compared  with  that  obtained  by  the  administration  of  thyroxine 
intravenously,  or  desiccated  thyroid  by  mouth  in  equi'iodine  doses.  The  animals  were 
tested  for  several  months  after  omission  of  injections  in  order  to  observe  the  delayed 
effects  of  immunization.  At  times  animals  were  immunized  by  intravenous  injections 
of  thyroglobulin  or  by  injections  into  tuberculous  nodules  according  to  the  method 
described  by  Dienes  (15).  In  some  instances  bovine,  sheep  or  pig  thyroglobuUn  was 
used  in  place  of  human  thyroglobulin. 

The  presence  of  antibodies  in  the  serum  of  animals  so  treated  was  determined  by 
means  of  precipitin  tests,  using  the  method  of  layering  dilutions  of  antigen  over  anti' 
serum,  as  previously  described  (ii).  The  usual  antigen  in  these  tests  was  human 
thyroglobulin;  but  occasionally  thyroglobulins  prepared  from  the  thyroids  of  several 
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*  The  technique  will  be  described  in  detail  in  another  paper  dealing  with  the  metabolism  of  rabbits. 
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Other  species  were  used.  The  antiserum  was  absorbed  with  small  amounts  of  human 
serum  or  other  mammalian  serum,  depending  on  the  type  of  antiserum,  in  order  to 
remove  the  contaminating  antibodies  to  serum  protein. 

RESULTS 

Table  i  represents  the  precipitin  reactions  with  various  mammalian  thyroglobu' 
lins  of  the  serum  of  an  animal  injected  with  human  thyroglobulin  only.  It  emphasizes 
the  fact,  already  demonstrated  by  Hektoen  and  Schulhof  (16),  that  the  antibody  re' 
sponse  to  thyroglobulin  is  not  very  species-specific.  In  fact  the  serum  contained  anti¬ 
bodies  even  to  the  thyroglobulin  of  the  donor  species  (rabbit),  although  in  somewhat 
lower  concentration.  This  may  be  very  important  in  the  practical  application  of  such 
antiserum,  as  will  be  discussed  below.  That  some  degree  of  species-specificity  is  re- 


Table  I.  Precipitin  reaction  of  antiserum  to  human  thyroglobulin  against  dilutions  of  various 

MAMMALIAN  THYROGLOBULINS 


Dilutions  of 
Thyroglobulin, 
1%  Elution 

Rabbit  Antiserum  Incubated  with  Human  Serum 

1:1 

1:10 

1:50 

1:100 

1:500 

1:1,000 

1:10,000 

Human 

+++1 

+++i 

++l 

++  1 

+  i 

++ 

+ 

Bovine 

+++i 

+  i 

++ 

++ 

++ 

+ 

± 

Sheep 

++i 

+  i 

++ 

++ 

++ 

+ 

± 

Pig 

++  i 

+  1 

++ 

++ 

± 

- 

Dog 

+  +  i 

++ 

.  ++ 

++ 

+ 

± 

- 

Rabbit 

++ 

+ 

± 

- 

- 

- 

- 

AiTo\)ir  indicates  precipitation. 


tained  may  be  deduced  from  the  fact  that  iso-immunization  is  not  obtained.  Thus, 
antibodies  to  the  animal’s  own  secretion  are  not  found  and  it  is  impossible  to  im¬ 
munize  an  animal  with  thyroglobulin  from  the  same  species. 

That  thyroglobulin  is  a  good  antigen  is  obvious  from  inspection  of  table  i.  Rabbit 
antiserum  to  human  thyroglobulin  is  able  to  detect  human  thyroglobuhn  in  dilution 
of  1 : 1,000,000.  Most  animals  develop  serum  of  this  potency.  Such  potent  antiserum 
should  serve  to  answer  the  question,  are  thyroglobulin  antibodies  antihormonic.  In 
figures  I  to  7  are  illustrated  the  metabolic  and  weight  changes  produced  by  intraperi- 
toneal  injections  of  thyroglobulin  in  rabbits  which  became  immunized  during  the 
course  of  injections  or  had  been  immunized  before  their  metabolic  responses  were  de¬ 
termined.  As  a  rule  the  fluctuations  in  weight  of  the  animals  were  inversely  propor¬ 
tional  to  the  variations  in  metabolism.  Consequently  the  metabolic  results  only  will 
be  discussed.  Figure  i  (rabbit  no)  shows  the  metabolic  response  to  injections  of  thy¬ 
roglobulin  at  successive  intervals.  The  initial  response  was  to  single  injections  of 
thyroglobuhn  containing  0.35  mg.  of  iodine,  given  every  other  day.  The  metaboUsm 
reached  the  neighborhood  of  +47.  The  second  group  of  injections,  started  10  days 
later,  was  given  on  3  successive  days,  followed  by  a  rest  period  of  4  days,  representing 
a  daily  dose  of  0.16  mg.  of  iodine  After  3  weeks  the  metabolism  was  +40.  At  this 
point,  a  high  titer  of  antibodies  was  already  detectable  The  third  series  of  injections, 
also  lasting  3  weeks,  and  at  the  same  dosage  in  terms  of  iodine,  produced  a  metaboUc 
level  of  +ao.  Subsequently,  larger  doses  of  thyroglobuhn  (0.21-0. 22  mg.  of  iodine  daily) 
given  over  a  period  of  10  weeks  did  produce  a  rise  in  metabolism  to  as  high  as  +35 
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to  +42  which  dropped  to  + 18  with  continuation  of  this  dosage.  In  fact,  when  daily 
doses  of  0.22  mg.  of  iodine  were  given  over  a  period  of  19  days  the  refractoriness  be¬ 
came  more  pronounced,  as  indicated  by  a  drop  in  metabolism  to  —  3.  The  latter  find¬ 
ing  is  consistent  because  theoretically  it  should  be  easier  for  the  animal  to  antagonize 
small  daily  doses  of  thyroid  than  large  doses  given  interruptedly.  After  omission  of 
injections  the  metabolism  gradually  dropped  to  —  31.  The  significance  of  this  will  be 
discussed  later.  Injections  of  thyroglobulin  in  a  daily  dose  of  0.5  mg.  of  iodine  for  3 
days  failed  to  affect  the  metabolism  at  this  point. 


DAYS 


Fig.  I.  Metabolic  and  weight  response  of  an  intact  rabbit  to  injections  of  thyroglobulin  intra- 
peritoneally  in  successive  periods.  The  dosage  is  charted  in  terms  of  total  organic  iodine.  The  initial 
series  of  injections  up  to  the  44th  day  produced  a  metabohe  level  of  +40.  Subsequent  injections  of 
thyroglobulin  in  the  same  or  l^ge  dosage  produced  only  a  slight  rise  in  metabolism  or  no  rise  at  all. 
Note  this  animal  became  myxedematous.  Solid  bars  indicate  single  injections. 

It  is  of  interest  that  after  the  prolonged  period  of  treatment  between  the  115th 
day  and  215th  day  the  antibody  titer  dropped  from  i :  500,000  or  more,  to  i :  1,000.  At 
death,  which  occurred  suddenly  from  an  intercurrent  infection  3  days  after  the  last 
series  of  injections,  the  serum  did  not  contain  any  circulating  antibodies.  This  sug¬ 
gests  that  the  amount  of  circulating  antibodies  is  not  necessarily  an  index  of  the  degree 
of  refractoriness. 

In  figure  2  (rabbit  116)  there  is  also  evidence  of  refractoriness.  During  the  second 
series  of  injections  of  thyroglobulin,  in  daily  dosage  of  0.22  mg.  of  iodine  over  a  period 
of  20  days,  the  metabolism  rose  to  +32  but  subsequently  dropped  to  +14.  This 
response  is  much  less  than  that  obtained  in  other  animals  receiving  equivalent  doses 
of  thyroxin.  Rabbit  117  was  used  for  too  short  a  period  of  time  to  determine  whether 
or  not  he  became  resistant  to  thyroglobulin.  Both  rabbit  118  and  119  (fig.  3)  were 
immunized  over  a  period  of  4  months  previous  to  the  metabolism  experiments.  The 
-  former  showed  a  definitely  smaller  response  than  normal  to  daily  doses  of  thyroglobu¬ 
lin  containing  0.22  mg.  of  iodine  for  15  days,  whereas  the  latter  showed  the  normal 
response  to  this  dosage. 

Two  other  animals,  both  thyroidectomized,  also  showed  definite  evidence  of 
reftactoriness  to  parenteral  thyroid  as  immunity  developed.  Rabbit  2K  (fig.  4)  re¬ 
sponded  from  a  base  line  of  —  37  per  cent  to  a  level  of  -I-20  per  cent  at  the  end  of 
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25  days,  on  a  daily  dose  of  thyroglobulin  iodine  of  0.16  mg.  At  this  point  the  anti¬ 
body  titer  was  1:600,000.  Further  injections  for  5  weeks  with  material  containing 
0.22  mg.  of  iodine  daily  resulted  in  a  drop  to  a  level  of  —2  to  -[*5  per  cent.  Later, 
daily  injections  of  thyroglobulin  containing  0.22  mg.  of  iodine  for  26  days  caused  a 
slow  rise  from  the  myxedema  level  to  —  3,  less  than  half  of  the  expected  rise  in  an 
unimmuni?ed  myxedematous  animal.  Similarly,  rabbit  loK  showed  the  expected 
metabolic  response  to  thyroid  by  mouth  from  —35  to  +45,  a  response  qualitatively 


Fig.  2.  (up[)er)  Metabolism  and  weight  changes  resulting  from  intrapcritoncal  thyroglobulin 
in  two  intact  rabbits  of  the  same  age.  Rabbit  116  showed  little  response  to  thyroglobulin  in'  dosage  of 
0.16  mg.  of  iodine  daily  for  25  days,  except  for  the  initial  rise  to  +18  during  the  first  week  of  injections. 
Later,  &ger  doses  of  thyroglobi^  (0.22  mg.  of  iodine  for  20  days)  produced  a  relatively  small  rise  in 
metabolism.  Rabbit  117  made  the  expected  response  to  about  +40  on  the  first  series  of  injections  of 
thyroglobulin  (daily  dose,  0.16  mg.  of  iodine).  This  animal  was  not  tested  for  refractoriness. 

Fig.  j.  (lower)  Metabolism  and  weight  changes  of  2  intact  rabbits  which  had  been  immunized 
previous  to  die  intraperitoneal  injections  of  thyroglobulin.  Rabbit  118  was  refractory;  rabbit  119  was 
not.  The  same  dose  of  thyroglobulin  produced  twice  as  much  effect  in  119  as  in  118.  Both  animals  subsc' 
quently  developed  low  metabolic  rates. 

similar  to  the  first  series  of  thyroglobulin  injections  in  equivalent  dosage  but  the 
response  to  subsequent  series  of  injections  of  the  same  or  larger  dosage  was  less  than 
expected.  On  the  other  hand,  the  response  to  thyroid  by  mouth  was  not  impaired  by 
the  presence  of  antibodies,  as  indicated  by  the  final  portion  of  the  curve. 
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In  addition,  rabbit  144  (fig.  6),  a  myxedematous  animal,  responded  to  thyroglobulin 
parenterally  in  a  dubious  way.  Tbe  rise  in  metabolism  was  less  than  that  on  thyroxine 
intravenously,  but  about  tbe  same  as  on  thyroid  by  mouth.  Consequently,  it  is  im- 
possible  to  say  whether  this  animal  was  resistant  or  not.  The  fact  that  the  response 
to  the  second  series  of  injections  was  the  same  as  to  the  first,  argues  against  resistance. 
Again,  rabbit  5S  (fig.  6),  in  which  the  metabolism  had  dropped  to  the  neighborhood  of 
—  lo  to  —25,  following  immunization,  responded  rather  poorly  to  large  doses  of 
thyroglobulin,  i.e.  0.23  mg  of  iodine  daily.  There  is  room  for  argument  in  accepting 


Fig.  4.  Response  op  a  thyroidectomized  rabbit  to  repeated  intraperitoneal  injections  of  thyro' 
globulin.  Tlie  striking  finding  is  the  drop  in  metabolism  after  the  47th  day  in  spite  of  continued  injec' 
tions  with  large  doses.  Refractoriness  was  confirmed  when  large  daily  doses  of  thyroglobulin  were  ad' 
ministered  later  for  36  days,  as  seen  on  the  right  hand  side  of  the  chart.  There  was  a  slow  rise  to  — } 
per  cent,  or  less  than  half  of  the  expected  rise  in  an  unimmunized  myxedematous  rabbit. 

this  response  as  evidence  of  refractoriness.  In  our  experience,  most  unimmunized 
animals,  starting  at  this  level  of  metabolism,  would  have  responded  with  a  greater 
rise  on  this  dosage  of  thyroid.  It  should  be  noted  that  the  antibody  titer  of  this  animal 
was  originally  more  than  1:1,000,000,  but  at  the  time  the  metabolism  response  to 
thyroglobulin  was  obtained,  it  had  dropped  to  1:5,000. 

Some  immunized  animals  were  definitely  not  resistant  to  thyroglobulin  injections. 
In  addition  to  rabbit  119,  already  mentioned,  rabbit  120  (fig.  7)  showed  the  same  type 
of  response  to  thyroglobulin  in  the  second  series  of  injections  as  in  the  first. 

Thus  of  9  animals  immunized  with  thyroglobulin,  in  which  the  response  to  paren' 
teral  thyroglobulin  could  be  judged,  5  were  resistant,  one  was  probably  so,  one  was 
doubtfuland  two  were  definitely  not  resistant. 

As  already  indicated,  some  animals  developed  low  metabolic  rates  after  becoming 
immune  to  thyroglobulin.  They  behaved  in  all  respects  like  thyroidectomized  animals. 
In  all,  8  rabbits  possessing  thyroglobulin  antibodies  and  observed  for  6  months  or 
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more,  developed  metabolic  rates  ranging  from  —20  to  —36  per  cent.  The  change  in 
metabolism  was  slow  and  progressive.  As  evidence  of  the  myxedematous  state  of 
these  animals,  is  their  extreme  sensitivity  to  thyroxine,  so  characteristic  of  myxedem' 
atous  animals.  Figure  8  shows  the  response  of  one  of  these  animals  (rabbit  iV)  from 
—24  to  about  -I-50  per  cent  over  a  period  of  28  days  on  a  daily  dose  of  intravenous 
thyroxine  containing  0.16  mg.  of  iodine.  The  metabolism  of  this  animal  eventually 
dropped  to  —36  per  cent.  Six  other  intact  animals  had  circulating  antibodies  to 


Fig.  5.  Response  of  a  thyroidectomized  rabbit  to  thyroid  by  mouth  as  seen  on  the  left,  followed 
by  responses  to  three  series  of  injections  of  thyroglobulin  intraperitoneally,  and  finally  a  second  response 
to  thyroid  by  mouth,  obtained  after  the  animal  had  been  immunized  to  thyroglobulin.  Thyroid  by  mouth 
produced  a  rise  to  +40  per  cent,  on  a  daily  dose  of  iodine  of  0.16  mg.  Equivalent  amounts  of  thyro' 
globulin  intraperitoneally  produced  a  similar  response  at  first,  but  subKquent  series  of  injections  prO' 
duced  less  than  the  expect^  response.  Note  that  the  presence  of  antibodies  does  not  impair  the  response 
to  thyroid  by  mouth. 

thyroglobulin  but  did  not  become  myxedematous.  One  of  these  had  no  determinations 
of  the  metabolic  rate  made  following  immunisation;  3  were  under  observation  for 
less  than  2  months  and  two  for  5  months.  One  of  the  latter  reached  a  metabolic  level 
of  —14. 

DISCUSSION 

The  evidence  is  clear  that  animals  which  are  immune  to  thyroglobuUn  are  resistant 
to  the  physiologic  affects  of  parenteral  thyroglobulin.  This  confirms  the  clinical 
observation  of  Rogers  and  Beebe  (8),  already  mentioned,  that  animals  passively  im^ 
munised  against  thyroid  protein  tolerate  injections  of  such  protein  better  than  non' 
immunised  animals.  In  other  words,  antibodies  to  thyroglobulin  are  antihormonic  in 
the  sense  that  they  oppose  the  physiologic  action  of  thyroid.  The  negative  results  of 
Schulhof  (12)  and  of  Rosen  and  Marine  (13)  are  disturbing  but,  I  believe,  are  explic' 
able  and  due  to  technical  difficulties. 

Schulhof  injected  thyroglobulin  alone,  or  mixed  immediately  before  injection 
with  antithyroglobulin  serum  into  rats.  In  either  case  all  injections  were  given  sub' 
cutaneously.  Metabolic  data  based  on  subcutaneous  injections  of  thyroglobulin  are 
vitiated  by  the  fact  that  part  of  the  rise  in  oxygen  consumption  is  due  to  the  inflam' 
matory  reaction  which  thyroglobulin  sets  up  in  subcutaneous  tissue.  Moreover, 
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much  of  the  thyroglobulin  is  not  absorbed  intact  from  subcutaneous  tissue  into  the 
blood  stream.  It  is  to  a  large  extent  broken  down  into  smaller  components  (peptones 
or  peptides)  which  are  absorbed  into  the  blood  and  then  distributed  to  the  cells  of 
the  b^y  in  which  they  ultimately  operate.  Thus,  the  antigenicity  of  thyroglobulin  is 
destroyed  and  antigen-antibody  union  cannot  take  place.  Mixing  thyroglobulin  with 
antiserum  before  injection  should  not  prevent  digestion  of  the  thyroglobulin  com¬ 
ponent  of  the  antigen-antibody  mixture  in  subcutaneous  tissue. 


Fig.  6.  Response  of  a  myxedematous  rabbit  (144)  to  two  series  of  intraperitoneal  injections  of 
thyroglobulin  (on  the  left).  The  evidence  for  refractoriness  is  dubious.  On  the  right  is  shown  the  response 
of  an  intact  rabbit  (5S)  to  large  doses  of  thyroglobuhn,  averaging  o.aj  mg.  iodine  daily  for  18  days.  This 
animal,  having  been  immunized  over  a  long  period  of  time  b^ore  the  metabolic  studies  were  made,  had 
developed  myxedema.  The  rise  in  metabolism  is  less  than  that  expected  from  the  dosage  of  thyroglobulin 
used. 

The  negative  results  of  Rosen  and  Marine  are  rather  difficult  to  explain,  since 
they  used  the  intraperitoneal  route  for  injecting  thyroglobulin.  Their  results  may 
^  due  to  the  small  number  of  animals  studied,  or  to  the  short  period  of  observation 
(i  to  3  months),  or,  more  likely,  to  the  low  potency  of  the  antiserum. 

The  ideal  way  of  testing  immunized  animals  is  by  injections  of  thyroglobulin 
intravenously.  Unfortunately  the  use  of  this  route  is  not  feasible.  On  several  occa¬ 
sions  thyroglobulin  has  been  injected  intravenously  into  animals  immunized  either 
actively  or  passively.  In  every  case  the  animal  became  restless,  breathed  deeply  and 
rapidly  and  died  within  a  few  seconds  to  a  few  hours.  At  autopsy  the  abnormal  find¬ 
ings  were  dilitation  of  the  heart,  particularly  the  right  chambers,  edema  of  the  lungs 
and  numerous  small  hemorrhagic  areas  throughout  both  lungs.  This  whole  picture 
.could  be  due  to  small  emboli,  formed  by  the  union  of  thyroglobulin  and  its  antibody, 
lodging  in  the  small  pulmonary  arteries. 

The  ai^ihormonic  properties  of  antibodies  to  thyroglobulin  should  theoretically 
cause  disturbance  in  metabolism  of  rabbits  immunized  with  mammalian  thyroglobu¬ 
lin,  since  their  serum  contains  antibodies  not  only  against  mammalian  thyroid  but, 
as  shown  in  table  i,  against  their  own  thyroid  as  well.  Actually,  a  large  percentage  of 
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such  animals  developed  myxedema.  The  findings  of  Morgan  and  Ivy  (17)  are  strikingly 
similar.  They  produced  ‘cretin^like’  rabbits  by  injections  of  antiserum  from  chickens 
previously  immunised  with  a  crude  extract  of  thyroid. 

The  delay  in  onset  of  myxedema  may  be  explained  in  part  by  two  factors,  bearing 
in  mind  that  not  infrequently  about  3  months  are  required  for  thyroidectomized 
animals  to  develop  myxedema.  One  is  the  relatively  weak  titer  of  antibodies  for  rab' 
bits’  thyroid  (one  thousandth  of  the  titer  for  human  thyroid).  The  other  is  con' 
cemed  with  the  probable  mechanism  by  which  myxedema  develops.  Myxedema  does 
not  develop  as  a  result  of  the  combination  of  thyroglobuhn  and  its  antibodies  in  the 
blood  stream,  because,  as  shown  in  a  previous  paper  (ii),  there  is  no  thyroglobulin 
normally  present  in  the  circulation.  Consequently  the  antibodies  must  exert  their 


Fig.  7.  (left)  Response  of  an  intact  rabbit  to  two  series  of  thyroglobulin  injections.  The  metabo- 
lism  changes  were  the  same  with  the  second  series  as  with  the  first,  the  dosage  in  terms  of  iodine  being 
0.16  mg.  daily  in  both  series. 

Fig.  8.  (right)  Response  of  an  intact  immunized  rabbit  to  daily  doses  of  thyroxine  (0.16  mg.  of 
iodine)  for  a8  days.  This  animal  was  myxedematous  at  the  time  of  testing.  Note  that  the  response  to 
thyroxine  was  not  impaired  by  the  presence  of  antibodies. 

antihormonic  properties  on  the  thyroid  itself,  either  by  fixing  the  thyroglobulin  in 
the  follicles  or  by  combining  with  the  thyroglobulin  in  the  cell  so  that  no  hormone 
can  be  hberated.  Both  factors  would  necessarily  require  a  certain  amount  of  time  to 
produce  the  maximum  effect,  depending  in  part  on  the  capacity  of  the  thyroid  to 
compensate  for  fixation  of  hormone  by  producing  more  hormone.  Until  the  compen' 
satory  mechanism  is  overcome  myxedema  will  not  develop.  In  fact,  some  of  the  ani' 
mals  treated  by  Portis  (4)  with  antiserum  developed  thyroid  hyperplasia.  However 
the  thyroids  of  our  immunized  animals  showed  no  characteristic  pathology.  One  ani' 
mal  which  became  myxedematous  showed  much  fibrosis  and  numerous  small  and  large 
thin'walled  follicles.  Another  showed  a  mixture  of  normal  and  hyperplastic  follicles. 
The  5  others,  both  myxedematous  and  non-myxedematous,  showed  the  normal  varia' 
tion  in  size  of  follicle,  cell  height  and  amount  of  colloid. 

The  above  results  suggest  that  antithyroglobulin  serum  might  be  useful  in  the 
treatment  of  Graves’  disease.  Actually  Beebe  (18)  treated  this  disease  for  many  years 
by  means  of  passive  immunization,  using  antiserum  made  by  injecting  thyroid  ejttract 
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into  rabbits.  This  thyroid  extract  contained  both  thyroglobulin  and  thyroid  tissue 
protein  (nucleoprotein).  The  rabbit  antiserum  was  not  concentrated  or  ‘purified’  and 
produced  severe  local  and  general  reactions.  It  is  difficult  to  know  whether  the  dosage 
used  was  adequate,  but  his  results  seem  to  indicate  that  the  antiserum  had  a  specific 
effect  on  the  overactivity  of  the  thyroid. 

I  have  had  no  personal  experience  with  passive  immunization  in  this  disease,  but 
have  tried  active  immunization  of  one  patient  with  hyperthyroidism  for  a  period  of 
3  months,  using  pure  sheep  thyroglobulin  in  small  doses  intramuscularly  as  the  anti' 
gen.  Paralleling  the  failure  to  improve  clinically  was  the  failure  to  produce  a  high  con' 
centration  of  antibodies.  The  latter  gave  a  positive  precipitin  test  in  a  dilution  of 
antigen  of  i :  500  to  i :  1000.  Interestingly  enough,  the  antibody  titer  of  this  patient’s 
serum  for  human  thyroglobulin  was  as  great  as  that  for  sheep  thyroglobulin.  The 
conceivable  causes  for  the  failure  are  numerous  but  a  major  cause  is  undoubtedly  the 
fact  that  the  human  species  is  a  poor  antibody  producer.  Further  exploration  of  this 
mode  of  therapy  is  indicated.  One  should  try  again  passive  immunization,  using  serum 
made  by  injecting  animals  cither  with  thyroglobulin  alone  or  with  thyroglobulin  plus 
other  thyroid  tissue  protein.  Active  immunization  with  thyroglobulin  should  also  be 
repeated,  using  larger  doses  of  thyroglobulin,  over  a  longer  period  of  time,  and 
methods  to  enhance  the  mechanism  of  antibody  production.  Active  immunization 
with  thyroid  protein  other  than  thyroglobulin  is  useless  because  antibodies  for  such 
protein  are  species'specific.  They  react  only  with  the  antigenic  protein  and  not  with 
proteins  from  related  species. 

SUMMARY  AND  CONCLUSIONS 

1.  Mammalian  thyroglobulin  is  strongly  antigenic. 

2.  Antibodies  for  thyroglobulin  are  ‘organ-specific’  rather  than  ‘species'specific.’ 
They  will  neutralize  thyroglobulins  from  all  related  species,  including  the  one  from 
the  donor  species. 

3.  Animals  immunized  with  thyroglobulin  are  usually  ‘refractory’  to  subsequent 
intraperitoneal  injections  of  thyroglobulin.  In  other  words,  antibodies  to  thyroglob* 
ulin  are  antihormonic. 

4.  Animals  immunized  with  thyroglobulin  and  observed  for  6  months  or  more  be' 
come  myxedematous.  The  development  of  myxedema  is  slow  but  progressive.  The 
probable  mechanism  is  inhibition  of  secretion  of  thyroid  hormone  or  fixation  of  hot' 
mone  in  the  follicles  or  cells. 

These  facts  suggest  that  the  antiserum  treatment  of  Graves’  disease,  long  ago 
attempted  but  crudely  executed,  should  be  reevaluated. 
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EFFECT  OF  VITAMIN  B,  AND  YEAST  ON 
CALORIE  INTAKE  AND  WEIGHT  BALANCE 
OF  HYPERTHYROID  DOGS'-^ 

VICTOR  A.  DRILL  and  C.  BOYD  SHAFFER 
From  the  Section  of  Physiology,  Biological  Laboratory,  Princeton  University 

PRINCETON,  NEW  JERSEY 

IT  HAS  BEEN  SHOWN  that  experimental  hyperthyroidism  increases  the  requirements 
for  the  B  vitamins.  Himwich,  Goldfarb  and  Cowgill  (i)  first  studied  the  calorie 
intake  during  thyroid  feeding  and  demonstrated  an  increased  requirement  for 
undifferentiated  vitamin  Bi.  They  found  that  dogs  receiving  a  yeast  Tree  diet  de' 
veloped  anorexia  in  an  average  of  34  days,  whereas  dogs  fed  the  same  diet  plus  thyroid 
gland  showed  anorexia  in  an  average  of  17  days.  Drill  (2)  reported  that  removal  of  the 
yeast  from  the  diet  of  hyperthyroid  dogs  produced  a  rapid  fall  to  values  below  normal 
in  calorie  intake,  complete  anorexia  being  produced  in  some  cases.  The  loss  of  appetite 
in  turn  was  followed  by  a  secondary  loss  of  weight.  The  subcutaneous  injection  of 
2  mg.  of  vitamin  Bi  would  raise  the  calorie  intake  to  the  previous  hyperthyroid  level 
within  24  to  48  hours.  The  weight  of  the  animals  was  maintained  as  long  as  no  de' 
ficiency  of  the  B  vitamins  occurred.  This  demonstrates  that  the  increased  calorie 
intake  produced  by  thyroid  feeding  depends  on  an  adequate  supply  of  vitamin  Bi. 
In  order  to  confirm  and  extend  these  observations  the  calorie  intake  and  weight 
balance  of  hyperthyroid  dogs  were  studied  under  the  following  conditions:  a),  feed' 
ing  of  a  yeast'free  diet  from  the  start  of  thyroid  feeding;  b),  feeding  of  a  basal  yeast 
supplement  from  the  start  of  thyroid  feeding,  later  removing  the  yeast  from  the  diet, 
and  then  adding  vitamin  Bi  and  a  yeast  concentrate;  c),  feeding  of  a  diet  high  in 
yeast  content  from  the  start  of  thyroid  feeding. 

Methods.  Male  dogs,  fed  a  modification  of  Cowgill’s  casein  diet  No  III  (2),  were 
used  in  the  experiments.  A  basal  yeast  supplement,  supplying  4.4.  international  units 
of  vitamin  Bi  per  kg.  of  body  weight  was  added  to  this  B'free  diet  each  day  during 
the  control  period  of  3  to  4  weeks,  or  until  the  food  intake  became  fairly  constant. 
While  this  supplement  was  sufficient  to  meet  daily  requirements,  it  would  not  allow 
a  great  storage  of  the  vitamins  during  the  control  period.  Food  was  offered  to  the  dogs 
for  a  3'hour  period  each  day,  and  the  amount  consumed  recorded.  The  food  intakes 
are  expressed  as  calories  consumed  per  square  meter  of  body  surface  per  hour,  using 
the  formula  of  Cowgill  and  Drabkin  (3)  to  calculate  surface  area. 

When  the  experimental  regimen  was  started,  desiccated  thyroid  gland,  containing 
0.21  per  cent  of  iodine,  was  fed  in  a  dosage  of  0.4  or  0.6  gm.  per  kg.  of  body  weight 
per  day  (table  i).  The  dogs  were  divided  into  three  groups.  In  the  first  group  (dogs 
I,  2,  3)  the  basal  yeast  supplement  was  removed  from  the  diet  at  the  time  thyroid 
feeding  was  started.  The  second  group  (dogs  4,  5, 6,  7)  continued  to  receive  the  basal 
yeast  supplement  of  dried  baker’s  yeast  each  day  when  thyroid  feeding  was  started 
(table  i).  The  yeast  contained  23  i.u.  of  vitamin  Bi,  60  micrograms  of  riboflavin,  85 
micrograms  of  vitamin  B*,  and  120  to  150  micrograms  of  calcium  pantothenate  per 

Received  for  publication  July  7,  194a. 

‘  The  authors  wish  to  thank  Eli  Lilly  and  Co.,  Indianapolis,  Ind.,  for  a  grant  in  support  of  these 
experiments.  * 

*  This  work  was  done  in  the  laboratory  of  Dr.  W.  W.  Swingle  and  we  are  indebted  to  him  for  the 
necessary  facilities  to  undertake  this  work. 
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gm.,  and  is  sufficient  for  the  maintenance  of  normal  dogs.  Since,  however,  the  require- 
ments  for  the  B  vitamins  are  increased  by  thyroid  feeding,  a  chronic  deficiency  of  the 
B  vitamins  ultimately  develops  (2).  The  yeast  was  then  removed  from  the  diet,  the 
calorie  intake  allowed  to  drop  below  normal,  and  the  effect  on  caloric  intake  and 
weight  studied  by  adding  a),  basal  yeast  supplement,  b),  basal  yeast  plus  vitamin  Bi, 
c),  yeast  concentrate,  and  d),  yeast  concentrate  plus  vitamin  Bi.  In  the  third  group 
dogs  8,  9,  10  and  ii  were  given  daily  10  gm.  of  a  yeast  concentrate,  containing  200 
U.S.P.  units  of  vitamin  Bi,  230  fig.  of  riboflavin,  200  /ig.  of  vitamin  B*,  and  1500  to 
2000  fig  of  calcium  pantothenate  per  gm.  Two  of  these  dogs  were  also  injected  with 


Table  i.  Initial  surface  area  and  supplements  fed  to  each  dog 


Dog 

No. 

Surface 

Area 

Thyroid 
Gland  Fed 

Yeast  Fed 
per  Day 

Y east  Concentrate 
Fed  per  Day 

Vitamin  Bi 
Injected  per  Day 

sq.  m. 

gm./^.  body 

gm. 

gm. 

mg. 

weight 

I 

0.539 

0.4 

0 

0 

0 

I 

0.488 

0.6 

0 

0 

0 

3 

0.818 

0.6 

0 

0 

0 

4 

0.651 

0.4 

2.6)  Y east  removed  from  diet  and  yeast  concentrate 

5 

0.439 

0.6 

1 . 7 1  and  vitamin  Bi  administered  during  experiment 

6 

0.629 

0.4 

2.7 

7 

0.587 

0.4 

2-3l 

8 

0.744 

0.6 

0 

10 

0 

9 

0.489 

0.6 

0 

10 

1.0 

10 

0.586 

0.4 

0 

10 

I.O 

ll 

0.600 

0.4 

0 

10 

0 

I  mg.  of  vitamin  Bi  subcutaneously  per  day.*  An  effort  was  made  in  this  group  to 
supply  sufficient  B  vitamins  (as  crystalline  vitamin  Bi  and  yeast  concentrate)  to 
maintain  food  intake  at  the  hyperthyroid  level  and  so  maintain  body  weight. 


RESULTS 

Hyperthyroid  dogs  receiving  a  yeast'free  diet  (group  i).  The  3  hyperthyroid  dogs 
fed  a  yeast'free  diet  showed  a  rapid  and  marked  loss  of  appetite  and  weight  (fig.  i). 
The  food  intake  had  fallen  in  these  dogs  to  between  20  and  o  calories  per  square 
meter  of  body  surface  per  hour  in  9,  10  and  26  days,  respectively,  the  average  being 
15  days.  No  initial  rise  in  food  intake  resulted  when  thyroid  feeding  was  started 
(fig.  i)  as  the  dogs  had  previously  received  only  the  small  basal  supplement  of  yeast 
which  did  not  allow  any  excessive  storage  of  the  B  vitamins.  Five  normal  dogs  which 
were  fed  a  yeast-free  diet  in  this  laboratory,  developed  anorexia  in  an  average  of  32 
days.  This  confirms  the  results  of  Himwich,  Goldferb  and  Cowgill  (i).  The  food  in¬ 
take  of  these  dogs  could  still  be  increased  by  injections  of  vitamin  Bi.  The  decrease 
in  calorie  intake  of  the  dogs  was  always  followed  by  a  secondary  decline  in  weight. 

Hyperthyroid  dogs  receiving  a  basal  yeast  supplement  (group  2).  The  4  animals 
(dogs  4,  5,  6,  7)  fed  thyroid  gland  and  receiving  a  small  amount  of  yeast  in  their  diet 
showed,  as  previously  reported  (2),  an  initial  increase  in  calorie  intake  which  was 
followed  by  a  rapid  fall  in  food  intake  when  the  yeast  was  removed  from  the  diet 
(fig.  2,  3, 4).  The  weight  of  the  animals  also  showed  a  sharp  decline.  A  single  injection 
-of  2  mg.  of  vitamin  Bi  raised  the  food  intake  to  the  previous  hyperthyroid  level  but 
did  not  correct  the  weight  loss.  The  food  intake  then  falls  as  the  single  injection  of 

*  The  authors  arc  indebted  to  Dr.  C.  N.  Frey  of  The  Fleischmann  Laboratories  for  supplying  the 
analyzed  yeast  and  yeast  concentrate;  to  Dr.  R.  T.  Major  of  Merck  and  Co.,  for  supplying  the  crystal¬ 
line  vitamin  Bi,  and  to  Dr.  H.  W.  Rhodehamel  of  Eli  Lilly  and  Co.,  Indianapolis,  Ind.,  for  the  desiccated 
thyroid  gland. 
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vitamin  Bi  is  metabolized  or  excreted.  The  combination  of  a  single  injection  of  2  mg. 
of  vitamin  Bi  and  replacement  of  the  basal  yeast  supplement  in  the  diet  neither  main' 
tained  the  food  intake  nor  prevented  a  further  fall  of  body  weight.  When,  however, 
I  mg.  of  vitamin  Bi  was  given  each  day  together  with  the  basal  yeast  supplement  the 
calorie  intake  was  maintained  at  a  fairly  high  level.  The  dogs  still  did  not  regain 
(fig.  3)  nor  maintain  any  gain  (fig.  2)  in  body  weight.  This  is  in  agreement  with  earlier 
work  on  hyperthyroid  rats  (4),  in  which  it  was  shown  that  factors  in  the  B  complex 


Fig.  I.  Effect  of  a  yeast-free  diet  on  the  calorie  intake  and  weight  of  a  hyperthyroid  dog.  Dog  3, 
arrow  indicates  the  removal  of  yeast  from  the  diet  and  start  of  thyroid  feeding.  In  this  and  subsequent 
graphs  each  point  is  an  average  value  of  the  calorie  intake  for  the  number  of  days  following  the  preceding 
point  on  the  graph.  Fig.  2.  Effect  of  vitamin  Bi  and  yeast  on  calore  intake  and  weight  during  hyper¬ 
thyroidism.  Dog.  4,  yeast  removed  from  diet  and  marked  drop  in  calorie  intake  observed;  i,  2  mg.  of 
vitamin  Bi  injected,  2,  2  mg.  of  vitamin  Bi  injected  and  yeast  replaced  in  diet;  3,  1  mg.  of  vitamin  Bi 
iiuected  each  day  with  the  yeast  still  on  the  diet;  4,  10  gm.  of  yeast  concentrate  fed  pa  day.  5,  10  gm. 
of  yeast  concentrate  and  1  mg.  of  vitamin  Bi  administered  each  day. 

Fig.  3.  Effect  of  vitamin  Bi  and  yeast  on  calorie  intake  and  weight  during  hyperthyroidism. 
Dog.  5,  yeast  removed  from  diet  and  a  marked  drop  in  calorie  intake  and  weight  observed;  i,  i  mg. 
of  vitamin  Bi  injected  each  day  and  yeast  replaced  in  diet;  2,  10  gm.  of  yeast  concentrate  fed  per  day. 
3, 10  gm.  of  yeast  concentrate  and  i  mg.  of  vitamin  Bi  administered  each  day.  Fig.  4.  Effect  of  vitamin 
Bi  AND  YEAST  on  caloiie  intake  and  weight  during  hyperthyroidism.  Dog.  6,  i,  yeast  removed  from  diet 
and  a  marked  drop  in  calorie  intake  observed;  2,  10  gm.  of  yeast  concentrate  fed  each  day;  3,  10  gm.  of 
yeast  concentrate  and  i  mg.  of  vitamin  Bi  administered  each  day. 

Other  than  vitamin  Bi  must  be  supplied  to  hyperthyroid  rats  if  they  are  to  regain 
their  body  weight.  Even  a  daily  intake  of  10  gm.  of  yeast  concentrate  (fig.  2,  3,  4) 
was  not  sufficient  to  maintain  food  intake  or  weight.  It  would  seem  that  the  animals 
required  more  vitamin  Bi  than  was  supplied  by  the  yeast  concentrate.  It  was  only 
when  both  i  mg.  of  vitamin  Bi  and  10  gm.  of  yeast  concentrate  were  administered 
each  day  (fig.  2,  3,  4)  that  the  food  intake  was  maintained  at  hyperthyroid  levels  and 
the  animals  enabled  to  regain  their  original  body  weight.  ' 

Hyperthyroid  dogs  receiving  a  diet  high  in  B  vitamins.  The  four  hyperthyroid  dogs 
receiving  a  diet  high  in  B  vitamins  all  showed  an  initial  increase  in  food  intkke  and 
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maintenance  of  weight  (fig.  5, 6).  The  dogs  maintained  an  increased  calorie  intake  and 
showed  no  loss  of  weight  for  80  days  of  thyroid  feeding.  After  this  time  one  (dog  10), 
consumed  less  food  and  began  to  lose  weight  (fig.  5,  6).  In  the  other  dogs  the  food 
intake  and  weight  were  maintained  for  as  long  as  iia  days  of  thyroid  feeding.  The 
maximum  variation  in  the  food  intake  of  normal  dogs  observed  in  this  laboratory,  and 
fed  the  same  synthetic  diet  plus  a  small  yeast  supplement  each  day,  was  from  38.5 
to  67.5  calories  per  square  meter  of  body  surface  per  hour,  the  average  being  58.  The 
hyperthyroid  dogs  receiving  the  high  B-vitamin  diet  ate  an  average  of  1.5  times  as 
much  food  as  the  normal  dogs.  Thus,  by  feeding  a  sufficient  amount  of  the  B  vitamins 
it  is  possible  to  maintain  the  calorie  intake,  and  thereby  the  weight,  of  hyperthyroid 
dogs. 


Fig.  5.  Calorie  intake  of  hyperthyroid  dogs  receiving  a  diet  high  in  B  vitamins.  The  food  intake 
of  j  of  the  4  dogs  was  maintained  above  normal  during  the  period  of  thyroid  feeding.  The  solid  hori' 
zontal  lines  show  the  maximum  variation  in  food  intake  of  normal  dogs  receiving  the  same  diet.  Dog  8, 
triangles;  dog  9,  solid  circles;  dog  10,  hollow  circles  connected  by  solid  line;  dog  ii,  hollow  circles  con¬ 
nected  by  interrupted  line.  Fig.  6.  Weight  balance  of  hyperthyroid  dogs  receiving  a  diet  high  in  B 
vitamins.  Legend  for  each  dog  is  the  same  as  in  figure  5. 

Gastro'intestinal  symptoms.  The  hyperthyroid  dogs  fed  a  yeast-free  diet  did  not 
show  any  outstanding  gastro-intestinal  symptoms.  Of  the  4  thyroid-fed  dogs  receiving 
the  diet  high  in  B  vitamins,  2  were  free  of  symptoms.  The  third  dog  vomited  40  cc. 
of  bile-colored  fluid  on  the  20th  day  of  thyroid  feeding  and  on  the  32nd  day  vomited 
a  large  amount  of  water  and  would  not  eat  that  day.  The  dog  at  this  time  had  a 
marked  polydipsia  and  polyuria.  These  were  the  only  symptoms  observed  in  this 
dog  during  112  days  of  thyroid  feeding.  The  fourth  dog  also  vomited  twice  during  the 
III  days  of  thyroid  feeding.  No  diarrhea  was  observed  in  these  dogs.  The  hyper- 
thyroid  dogs,  which  had  had  the  yeast  removed  from  their  diet  and  later  received 
-vitamin  Bi  and  a  yeast  concentrate,  invariably  had  diarrhea  during  the  experiment. 
It  should  be  pointed  out  that  the  diet  contained  2.6  per  cent  of  bone  ash.  Kunde  (5) 
did  not  observe  vomiting  in  her  hyperthyroid  dogs  but  did  report  diarrhea,  which 
was  controlled  by  adding  bones  to  the  diet.  The  diarrhea  observed  with  the  diet 
used  in  these  experiments  did  not  last  longer  than  i  or  2  days  at  any  one  time  and  did 
not  occur  more  than  3  times  in  any  dc^  during  the  experiment. 
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Cardiac  and  nervous  symptoms.  Soon  after  thyroid  feeding  was  started  the  heart 
beat  in  the  dogs  receiving  the  basal  yeast  supplement  or  yeast  concentrate  definitely 
increased  in  force.  Blood  pressure  readings,  obtained  at  intervals  throughout  the 
experiment  by  intra-arterial  puncture,  showed  only  a  slight  increase  from  an  average 
normal  of  106  to  115  mm.  Hg.  At  times  during  the  experiment  the  dogs  were  restless 
and  more  excitable  than  normal.  Of  the  hyperthyroid  dogs  receiving  a  yeast-free 
diet  only  one  dog  (dog  3)  showed  any  neurological  symptoms  during  the  period  of 
observation.  On  the  30th  day  of  thyroid  feeding  this  dog  developed  a  partial  paralysis 
of  the  hind  legs.  On  the  31st  day  he  was  unable  to  support  his  weight  on  front  or 
hind  legs  and  showed  marked  extensor  reflexes  and  opisthotonus.  At  10:30  A.M. 
of  this  day  he  was  given  an  intravenous  injection  of  2  mg.  of  vitamin  Bi,  i  mg.  of 
calcium  pantothenate  and  0.5  mg.  of  vitamin  Be.  At  3:00  P.M.  he  was  fairly  active 
and  able  to  support  his  weight  and  walk,  although  with  an  unsteady  gait.  He  was 
more  alert  at  5 : 00  P.M.  and  would  sit  up  voluntarily.  No  food  had  been  given  during 
this  time.  One  mg.  of  vitamin  Bi  was  given  subcutaneously  at  this  time  and  the  day’s 
thyroid  dosage  by  stomach  tube.  On  the  morning  of  the  32nd  day  he  was  able  to 
walk  very  well  with  only  a  slight  unsteadiness. 

DISCUSSION 

The  results  show  that  vitamin  Bi  and  the  vitamin  B2  complex  (as  yeast)  are  defi¬ 
nitely  related  to  the  calorie  intake  and  weight  maintenance  during  experimental  hy¬ 
perthyroidism.  Previous  studies  on  dogs  and  rats  have  shown  that  vitamin  Bi  is 
specifically  related  to  calorie  intake  during  experimental  hyperthyroidism.  In  hyper- 
thyroid  rats  receiving  a  small  amount  of  yeast  and  suflBcient  thyroid  gland  to  produce 
a  loss  of  weight,  injections  of  vitamin  Bi  would  increase  food  intake  above  normal 
and  prevent  a  further  loss  of  weight.  However,  the  hyperthyroid  rats  did  not  regain 
the  lost  weight  until  a  rich  source  of  the  vitamin  B2  complex  was  added  to  the  diet 
(4),  even  though  the  vitamin  B2  complex  did  not  further  increase  food  intake.  It  was 
subsequently  found  that  the  active  components  in  the  B2  complex  were  vitamin  Be 
and  pantothenic  acid  (6),  Thyroid  feeding  was  also  found  to  decrease  the  amount  of 
vitamin  Bi  in  rat  tissues  (7,  8).  Studies  on  hyperthyroid  dogs  demonstrated  an  in¬ 
creased  requirement  for  undifferentiated  vitamin  B  (i),  and  that  vitamin  Bi  is  more 
particularly  related  to  food  intake  of  such  dogs  (2). 

The  results  reported  here  a),  confirm  the  work  of  Himwich,  Goldfarb  and  Cowgill 
(i),  that  thyroid-fed  dogs  on  a  yeast-free  diet  develop  anorexia  twice  as  rapidly  as 
normal  dogs  fed  a  yeast-free  diet,  b).  In  hyperthyroid  dogs  that  have  had  the  yeast 
removed  from  the  diet  and  show  a  marked  drop  in  calorie  intake  and  weight,  a  single 
injection  of  vitamin  Bi  will  increase  the  food  intake  to  the  previous  hyperthyroid 
level,  but  the  loss  of  weight  will  not  be  affected.  This  is  in  agreement  with  studies  on 
hyperthyroid  rats  (4).  Daily  injections  of  vitamin  Bi  and  replacing  the  yeast  in  the  diet 
will  also  increase  food  intake,  but  will  not  allow  an  increase  in  weight.  Evidently 
replacing  the  yeast  does  not  supply  a  suflicient  intake  of  the  vitamin  B2  complex. 
Feeding  10  gm.  of  a  yeast  concentrate  per  day  will  generally  increase  the  food  intake 
and  the  weight  of  hyperthyroid  dogs  for  a  while  (fig.  2,  3,  4),  but  will  not  maintain 
the  food  intake  for  any  length  of  time.  That  the  yeast  concentrate  does  not  supply 
sufficient  vitamin  Bi  is  shown  by  the  fact  that  when  both  yeast  concentrate  and  vita¬ 
min  Bi  were  administered  each  day  the  calorie  intake  was  maintained  at  the  hyper¬ 
thyroid  level  and  the  dogs  regained  their  lost  weight,  c).  The  food  intake  and  weight 
of  3  of  4  hyperthyroid  dogs  was  maintained  by  feeding  a  yeast  concentrate  and  in¬ 
jecting  vitamin  Bi  for  as  long  as  112  days.  If  the  hyperthyroid  animal  is  to  maintain 
his  body  weight  when  the  rate  of  metabolism  is  increased  by  thyroid  feeding  he  must 
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eat  more  food  than  normally.  This  increased  calorie  intake  can  be  obtained  by  ad¬ 
ministering  vitamin  Bi.  Suppljnng  an  adequate  amount  of  82  complex  is  also  necessary 
if  the  animal  is  to  maintan  body  weight.  I^th  vitamin  Bi  and  the  B2  complex  must  be 
suppbed  in  larger  amounts  than  normal  during  experimental  hyperthyroidism,  and 
when  this  is  done  it  is  evident  that  maintenance  of  calorie  intake  and  body  weight 
in  thyroid-fed  dogs  can  be  achieved. 

Sure  (9)  and  Sherman  (10)  have  reported  that  the  diet  of  the  average  American 
is  becoming  more  deficient  in  the  B  vitamins.  This  low  amount  of  the  B  vitamins  in  the 
average  diet  will  afford  no  margin  of  safety  during  Grave’s  disease  or  thyrotoxicosis. 
The  experimental  work  would  certainly  indicate  that  a  larger  intake  of  the  B  vitamins 
be  supplied  in  such  cases  with  the  particular  view  of  maintaining  food  intake  and  con¬ 
trolling  any  loss  of  weight.  Frazier  and  Ravdin  (ii)  have  studied  the  effect  of  vitamin 
Bi  and  yeast  on  the  preoperative  treatment  of  hyperthyroid  patients.  They  found 
that  72  per  cent  of  the  patients  receiving  vitamin  Bi  and  yeast  gained  weight  in  con¬ 
trast  to  the  patients  not  receiving  supplements  of  the  B  vitamins  of  whom  only  28.5 
per  cent  gained  weight.  The  amount  of  vitamin  Bi  they  administered  was  only  2.5 
times  the  calculated  daily  requirement.  The  work  on  hyperthyroid  dogs  shows  that 
their  requirements  for  B  vitamins  is  much  greater  than  2.5  times  the  normal.  This 
indicates  that  a  larger  supplement  than  that  given  by  Frazier  and  Ravdin  might  pro¬ 
duce  even  more  beneficial  results. 

Frazier  and  Ravdin  also  reviewed  the  literature  on  the  gastro-intestinal  and  cardi¬ 
ac  symptoms  observed  in  hyperthyroidism,  and  they  showed  a  remarkable  similarity 
between  these  symptoms  as  seen  in  a  deficiency  of  the  B  vitamins  and  hyperthyroid¬ 
ism.  Experimental  studies  on  the  relation  of  the  B  vitamins  to  pulse  rate  and  to  liver 
function  during  hyperthyroidism  have  also  been  made  (12,  15)  and  a  definite  rela¬ 
tionship  was  shown  to  exist. 

CONCLUSIONS 

1.  Hyperthyroid  dogs  fed  a  yeast-free  diet  developed  anorexia  in  an  average  of 
17  days,  whereas  normal  dogs  fed  a  yeast-ffee  diet  developed  anorexia  in  an  average 
of  32  days. 

2.  When  the  yeast  is  removed  from  the  diet  of  a  hyperthyroid  dog  there  is  a  rapid 
fall  in  calorie  intake,  to  values  below  normal,  followed  by  a  secondary  loss  of  body 
weight.  Vitamin  Bi  injections  will  increase  the  calorie  intake  of  such  dogs  to  their 
previous  hyperthyroid  level,  but  the  dogs  will  not  gain  weight  until  a  rich  source  of 
the  vitamin  B2  complex  is  also  supplied.  The  combined  administration  of  vitamin  Bi 
and  a  yeast  concentrate  enables  these  dogs  to  maintain  the  high  calorie  intake  and  to 
regain  the  lost  weight. 

3.  By  administering  sufficient  B  vitamins  from  the  start  of  thyroid  feeding  it  was 
possible  to  maintain  the  calorie  intake  and  weight  of  3  of  4  hyperthyroid  dogs  for  as 
long  as  112  days. 
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